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GENERAL 
The kidney is concerned with many homeostatic 
mechanisms. It maintains the overall chemical composition of 
the intracellular environment by regulating the quantity of 
water, sodium chloride, potassium and numerous other 
substances including phosphate (Pi) in the body. By its 
reabsorptive property, the kidney plays an important role 
both m health and diseases including m the development and 
growth by maintaining a positive balance of required 
elements especially that of Pi. The basic unit of the kidney 
IS "nephron" which consists of a glomerulus and a long 
tubule. It IS the tubular part of the nephron where the 
reabsorption of the ions and solutes occurs (1,2). The 
proximal part of the nephron known as proximal tubule, is 
the ma^or site for the reabsorption of the solutes including 
amino acids, sugars, other nutrients and certain ions and 
+ 
molecules such as sodium (Na ) and inorganic phosphate (Pi). 
+ 
The retention of Na ions and Pi m the body by the kidney 
IS required for proper growth and development of neonates 
(3,4). Several studies have shown that young animals (5,6,7) 
and newborn infants (8) have relatively higher rate of 
tubular Pi reabsorption compared to adults to limit the loss 
of Pi m the urine by reclaiming a larger percentage of the 
filtered load of Pi, mostly by the early proximal tubule 
(9). This seems to be a clinical liability on the part of 
young kidney in view of the known structural and functional 
immaturity of this nephron segment in newborn and young 
animals and humans (10,11). This has been supported by the 
findings of hyperexcretion of various solutes m all 
mammalian species during early life (12). However, in some 
studies the rate of Pi reabsorption in young kidney was 
found to be less (13,14) or not different from that of 
adults (15). The discrepancies were considered to be due to 
different species and to relatively different state of 
maturation of the kidney studied. There have been excellent 
recent reviews on the cellular mechanism involved in renal 
tubular transport in the adult kidney (1,2,16-20). It is 
well established that the majority of the filtered solutes 
including Pi in the adult kidney are reabsorbed mostly in 
early proximal segment with only a small fraction being 
reabsorbed m more distal segments (16,20). The transports 
of various solutes have been found to be coupled with the 
+ 
transport of sodium (Na ) ions in the proximal tubules. Thus 
+ 
the transport of Na ions appeared to be the ma^or work 
function m the mammalian kidney as in the absence of any 
+ 
Na transport, the transport of other solutes such as 
hexoses, amino acids and Pi approaches zero (21-23). The 
+ 
transport of Na in the proximal tubule has been found to 
+ 
occur in two steps. Initially Na ions enter the epithelial 
cell passively from the lumen across the luminal brush 
border membrane (BBM) down the concentration gradient of the 
+ 
Na and then exit from the cell across the antiluminal 
membrane i.e., basolateral membrane (BLM) into the 
peritubular fluid by active transport against the 
concentration gradient. This requires an expenditure of 
energy provided by the hydrolysis of ATP by Na/K ATPase 
located m the BLM. Hence the transport of other ions or 
+ 
solutes which is dependent on the transport of Na ions 
becomes the "secondary-active transport" and also requires 
+ 
the expenditure of energy. In fact Na -gradient dependent 
transport of Pi and other solutes (sugars and amino acids) 
across the BBM of renal proximal tubule is the major and 
rate limiting step (15,19,24) as it is regulated by several 
intrinsic and extrinsic factors at this step. At this step, 
the transport of Pi is altered by pH (25,26), various drugs 
and hormones (1,17) and by the dietary Pi intake (19). Thus 
the measurements of the transport of various solutes 
including Pi by BBM vesicles in vitro seems to be an 
advantageous model especially to characterize differential 
properties and cellular mechanisms of the transport systems 
(27,28) compared to other techniques such as clearance 
micropuncture or microperfusion (29). 
It has been demonstrated in vivo that the active 
transport processes in the kidney are somehow linked with 
the metabolic energy yielding reactions (30). At least 80% 
of the active transport m the kidney depends on the 
availability of adenosine triphosphate (ATP) (31) indicating 
a linkage between transport processes and energy producing 
metabolic reactions (32-35). The active transport performed 
by the kidney has been shown also to be associated with the 
consumption of oxygen and the rate of O2 consumption has 
been related to production of cellular ATP. Earlier studies 
have shown a linear relationship between sodium transport 
and oxygen consumption (36,37) though a direct relationship 
with the energy production or utilization could not be 
confirmed. Fatty acids, glucose and their metabolites e.g., 
intermediates of citric acid cycle, amino acids, lactate 
etc., are known to contribute to the energy supply of the 
kidney in various mammals including man (32). The rate of 
metabolism of the above substrates by one or the other 
pathways (e.g., TCA cycle, glycolysis, HMP shunt pathway) 
seems to be dependent on the availability of the oxygen in 
any particular zone of the kidney (32,38,39-42). Moreover, 
the energy generated by the metabolism of the above 
substrates was found to support the transport work of the 
kidney (43-48). The transport of Na ions and the oxygen-
tension have been found to be different in the cortex and 
the outer and inner medulla (34,49-54). Similarly the 
metabolic activity of the cells in these three kidney zones 
was found to be also different and was related very well 
with the oxygen-tension of that cell/tissue (32,38,39,40-42, 
55-57). Thus the transport properties appeared to be 
directly or indirectly dependent on the energy producing 
metabolic activity of the cells. 
It IS very well known that the newborn kidney is 
immature at birth (6,8,9,11). The proximal tubular cells and 
their organelles and the luminal membranes are also immature 
or less developed m the newborn kidney (9,10). Adaptive and 
regulatory mechanisms are also different in the newborn 
kidney compared to adults (5,58). Because of relatively 
different structural maturity of the nephron/kidney, the 
functional capabilities (including metabolic and transport 
properties) of the newborn or young growing kidney are 
expected to be different from that of the adult kidney. 
Therefore, a comprehensive study is required to characterize 
the structural and functional components (enzymes and 
transporters) of the proximal tubules during growth and 
development. Furthermore, a correlative study is also needed 
to establish any link between the transport and energy 
yielding metabolic pathways during postnatal development and 
growth. 
PRESENT STATUS OF KNOWLEDGE 
a) Morphological and histological maturation of kidney 
during postnatal development : 
The kidney is derived from two distinct embryologic 
components, the metanephric blastema and the ureteric bud. 
The nephrons proper, including glomeruli and tubules, arise 
from the mesenchymal cells of the metanephric blastema, 
whereas the collecting duct system develops from the 
dividing ureteric bud (59,60). It is well known that kidney 
embryogenesis of the nephron follows the pattern of 
centrifugation that implies a relationship between nephron 
age and nephron position along a corticomedullary axis (10). 
The neonatal kidney which is immature at birth develops and 
matures also by centrifugal pattern m an age dependent 
manner similar to that of renal embryogenesis (10). It has 
been observed (10), that few weeks after gestation, the 
generation of nephrons occurs progressively however in 
several stages. At 20 weeks after gestation, each kidney may 
contain upto 500,000 nephrons that would initially 
constitute unique juxtamedullary populations. Another 
500,000 new nephrons found to be generated between 20-34 
weeks of gestation (last phase of renal embryogenesis) that 
constitutes the cortical population. Therefore, nephrons at 
birth would be of mixed ages. Thus at the time of completion 
of nephrogenesis, nephrons on the basis of age (youngest to 
oldest) are centrifugally distributed from cortical to 
juxtamedullary sub-populations as reported m humans (61). A 
similar pattern has been suggested for common laboratory 
animals (11,62-66). The number and generation timings of 
nephrons may vary from species to species. Porter (67) 
postulated that in human, the nephrogenesis stops at 34 
weeks of gestation and no new nephrons are added after 
birth. However, it is believed that nephrogenesis does not 
stop until several weeks after birth m animals and even in 
very premature human infants (10,62-64). After completion of 
the nephrons formation, the renal development occurs 
predominantly by an increase in the size and the length of 
the nephrons with respect to their age and the location. 
Some ultrastructural features of the developing 
proximal tubule have been described in detail (63,68-73). 
Larsson has observed that the very young proximal tubules of 
the rat contain fewer organelles and a large nucleus. As 
these cells mature with age, they show increased apical, 
lateral and basal cell surfaces and increased number and 
size of mitochondria (63). He has further observed that the 
junctions of the developing proximal tubules change their 
permeability characteristics as the cells mature i.e., the 
young proximal tubules are extremely "leaky" as compared to 
the more mature tubules. These young nephrons contain, few 
if any, endocytic vacuoles and lysosomes but have a large 
Golgi apparatus (72). As maturation proceeds, the relative 
volume of lysosomes increases while Golgi complexes become 
less and less prominent. 
Similar observations were also obtained in other 
species, e.g., dog & rabbit (63,74). It was observed that in 
dogs the maturation is initiated at the apical and basal 
cell surfaces (64). The apical surface showed the evidence 
of microvilli formation before the tubular lumen opens. At 
the same time blunt processes were found pro;]ecting from the 
basal cell surface. On the other hand the lateral surface 
matures at a much slower rate than the apical and basal 
surfaces. In rabbits, however the young proximal tubules (2-
17 days old) showed a smaller diameter and relative lack of 
complexity m the pattern of lateral intracellular channels 
compared to adult proximal tubules (74). From above and 
other studies thus it was postulated (10) that in all 
species including newborn rat, dog, rabbit and pig (63-
65,69) the glomerular and tubular maturation progresses 
towards the deeper cortex, in which immature stages 
disappear in sequence until the most advanced state is 
primarily found throughout the juxtamedullary cortex (62-
65). It was also indicated from the above studies that 
tubular maturation does indeed correlate well with nephron 
cortical location and that the development and maturation of 
the proximal tubules (nephrons) do occur with centrifugal 
pattern i.e., more advanced m deep cortex and less advanced 
m outer cortex (10,62-65,69). 
Another approach for studying the tubular maturation 
has been applied m some other studies (63,75). The proximal 
tubules from all levels of the cortex were examined and 
10 
compared. This allowed the comparison of newly formed 
tubules with more matured onfes in the same kidney. The 
criteria which were considered included - 1. The surface 
area and the diameter, 2. Shape of cells, 3. Lateral and 
basal surface concentrations, 4. Degree of the segmentation 
of the tubules etc. Hay and Evan (64) reported that in 2 day 
old puppy kidney, the most immature proximal tubules were 
found in the outer cortex and more mature tubules in the 
inner cortex (64). The proximal tubular cells of the outer 
cortex were found to be simple in shape possessing smooth 
lateral processes while the cells from the adjacent proximal 
tubular cells from middle and inner cortical zone showed 
numerous lateral-basal processes, indicating a greater 
heterogeneity in cells of proximal tubules. Examination of 
proximal tubule of the 2 day old puppy cortex also revealed 
no adult like segmentation of the outer cortical tubules and 
incomplete segmentation was present in the inner cortical 
proximal tubule. The cells of the proximal and distal 
portions of the proximal tubules located in the inner cortex 
were distinctly different and were not identical to those of 
adult (64). 
In another study, Linshaw et. al. (75) compared the 
11 
maturation of proximal convoluted tubules (PCT) from outer 
cortex to juxtamedullary cortex in newborn (2-4 day old), 
growing (14-17 day old) and adult rabbit. No apparent 
significant difference in the maturation of proximal tubules 
were observed between 14-17 day old and 2-6 day old rabbit. 
The proximal convoluted tubular outer diameter, basolateral 
surface density and basolateral area except those of the 
juxtamedullary tubules were always simply large and more 
complex than the outer cortical tubules. These tubules were 
not matured m accordance with currently accepted structural 
criteria (10,75). Although the studies of Evan et al. (11) 
and that of Lmshaw and Welling (75), are consistent with an 
ever increasing maturity as a function of postnatal age but 
not clearly for outer versus inner cortical proximal 
tubules. According to Evan et. al. (11), it takes about 25-
30 days for the tubules of the inner cortex and 48 days for 
those in the outer cortex to reach maturity in rats. 
The results of the above discussed studies, generally 
support the concept of centrifugal renal tubular 
developments. However, a sense of uncertainty has been 
raised with regard to the centrifugal tubular maturation. 
This might be due to the fact that most of the available 
12 
information was based on the ultrastructural studies which 
describe the maturation of only the superficial proximal 
tubule from animal of different ages or the proximal 
convoluted tubules from outer and inner cortex without 
taking proximal straight tubule into the account. Secondly, 
the renal tubular structural development might have not 
necessarily corresponded with the tubular functional 
development and the maturation. Based on their observations 
Welling and Linshaw (10) suggested that, during the period 
of continuing nephrogenesis, proximal tubules might have not 
matured at a rate parallel to their advancing age but rather 
achieved only a level of moderate maturity at which they 
remained quiescent. Only after, all the tubular segments 
have been generated they may then proceed toward their adult 
levels of maturation simultaneously (10). Whatever may be 
the case, to understand more clearly the significance of 
maturational changes in tubular segments, correlative 
structural functional studies would have to be of immense 
importance. 
b) Structural-functional development and maturation of the 
proximal tubules : 
Thus far the morphologic and histologic studies have 
13 
shown that neonatal kidney is immature in its structural 
components at birth and undergoes postnatal maturation 
during development and growth (10,63,68-75). The proximal 
tubule among the nephron segments plays a major role in 
renal functions (1,16,17). The luminal brush border membrane 
(BBM) in the proximal tubule is the chief site for the 
reabsorption of most of the ions and molecules from 
glomerular filtrate (luminal fluid) (16,17). The early 
studies showed a correlation between the size and function 
of the kidney during normal growth m rats (76) of 3 weeks-3 
months of age (weighing between 50-400 g). Although the rate 
of increase in the kidney weight was not linearly 
proportional to the increase in the body weight, however, 
the increase in the tubule functions of the nephron (as 
+ 
reflected by GFR and Na reabsorption) was m proportion to 
total renal mass as has been observed by Potter et al. (76). 
In another study Oliver (77) reported that the rate of 
increase in proximal tubular volume was in the same 
proportion to that of kidney mass (77). Later Larsson has 
demonstrated a pronounced qualitative and quantitative 
ultrastructural differences between the cells m different 
developmental stages of the newborn rat renal proximal 
convoluted tubule (63). In upto 2 day old rat kidney the 
14 
proximal tubular cells showing cell division were not very 
well developed. The cells appeared to be ellipsoid and large 
in size with small but slightly elongated luminal cavity. 
The renal vesicles were found to be separated from the 
surrounding tissue by a basement membrane. The nephron at 
this stage has no glomerular anlage and no connections was 
observed between the renal vesicles and the collecting 
tubules. The cells were found to be further developed m the 
next stage (in upto 4-5 days old kidney) with glomerular 
anlage and the lumen was found to be m continuation with 
that of the collecting tubule. The proximal tubular cells 
were reduced in size with increased luminal diameter. The 
development of the proximal tubular cells was continued with 
decreasing size and increasing luminal diameter in age 
dependent manner. The cells were still lacking a typical 
brush border m the proximal tubule between 5-7 day old 
kidney. While other developments in the proximal tubule were 
continued accordingly, but brush border in the apical 
membrane was observed only after eighth day of age (63). 
These results have indicated that the proximal convoluted 
tubule or superficial proximal tubule develops at about 10 
days of age m newborn rat and matures only after that age 
(62). Since evidences are not available about the structural 
15 
developments of pars recta or deep proximal tubules, it was 
presumed that the proximal tubules in the deep cortex or 
pars recta could have developed earlier than superficial 
proximal tubules. The deep nephrons had been shown to be 
present (relatively more developed) at the time of birth m 
the newborn animals (10). 
The study of Larsson also provided the evidence 
regarding the structural development related to functional 
development of the proximal tubule in newborn rats as he 
recognised the presence of functional (filtering) and non-
functional (non-filtering) proximal tubules in 4-5 day old 
rats and not in younger rats (78). This relates well with 
other observed functional activities (72,78,79). Further 
evidences about structure-function correlationships were 
provided by the concomitant changes observed in the cell 
shape; in the size of the nucleus, the mitochondria, the 
lysosome, the vacuole, the endocytic vesicle and above all 
the surface area of basal, lateral and apical membranes as 
well as the diameter of the luminal cavity (63). The surface 
areas of the membranes was found to be increased in the 
functional nephrons in comparison to non-functional nephrons 
(63) . 
16 
c) Enzymes of the carbohydrate metabolism and the 
development : 
Mammalian kidney are heterogenous structure consisting 
of distinct structural and functional tissue zones, e.g., 
cortex, outer medulla and inner medulla (previously known as 
papilla). The fundamental unit of the kidney 'the Nephron' 
run through above tissue zones (55). 
Most of the ions and useful solutes present in the 
nephric filtrate (Glomerular filtrate) are reclaimed by 
various nephronal subsegments located m different tissue 
zones of the kidney (16,17). The renal reabsorption of ions 
and solutes is carried out by active and/or passive 
transport processes across the luminal membranes of proximal 
and distal nephronal subsegments (16,20). The reabsorption 
of ions and solutes by active process requires an 
expenditure of energy which is usually supplied by the 
hydrolysis of ATP (34). 
The production of ATP is coupled to oxidative 
metabolism occuring in the mitochondria and is dependent on 
the metabolic status or on the oxygen tension (PO2) of the 
renal tubular cells (32,38,39-42). It is apparent that the 
ma^or work function of the kidney is to reabsorb sodium ion 
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(21) dependent upon which is the reabsorption of other ions 
and solutes (22,23). It has been demonstrated that Na -
transport is somehow directly linked with the oxygen tension 
of the cell. A direct linear relationship between O2 
+ 
utilization and Na -reabsorption is well documented (36,37). 
Being the heterogenous structure of the kidney the 
+ 
transport of Na was found to be distributed differentially 
in different tissue zones of the kidney (34,49,50). The 
+ 
transport of Na requires a large expenditure of energy 
supplied by ATP hydrolysis. The availability of ATP is 
dependent on the metabolic status of the cell or the tissue 
zones and found to be directly related with the 02-tension 
of the cell or tissue zone (32,38-42). The O2 tension among 
various tissue zones has been found to be higher in cortex 
than m outer or inner medulla and least in the inner 
+ 
medulla (51,54). The maximum transport of Na has also found 
to be higher in the cortex than in other zones (34,49). It 
has also been demonstrated that the source of energy for 
+ 
Na -transport is not provided solely by the oxidative 
metabolism of the ceJ1 but also supplied by other cellular 
metabolic activities (43-48). Carbohydrates, in particular, 
glucose together with other metabolites such as ammo acids. 
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fatty acids are ma^or contributors for the production of the 
energy (43-48). A link between the transport and metabolic 
activities has been reported by some investigators (32-35) 
which occur differentially in different tissue zones of the 
kidney (38,55-57). 
Recent studies support the view that glucose play a 
critical role in the renal transport function (80,81). The 
oxidation of glucose in the kidney has been found to occur 
by several different metabolic pathways in different tissue 
zones and/or m the different subsegments of the nephron : 
1) the tricarboxylic acid (TCA) cycle, m which glucose 
under high PO2 is first converted to pyruvate by glycolysis 
which in turn completely oxidized to CO2 and water; 2) the 
hexose-monophosphate (HMP) shunt pathway; and 3) the 
glycolysis in which glucose is partially oxidized to lactate 
(55,82,83). Moreover, glucose has been demonstrated to be 
produced by gluconeogenesis m the kidney (56,57,84). 
The enzyme belonging to the above pathways are found to 
be present and distributed differentially in the kidney (55-
57,82,84). The renal medulla is the ma^or region for the 
production of lactate from glucose by glycolytic enzymes 
(55) while the oxidative conversion of glucose to CO9 was 
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shown to be greater m renal cortex compared to medulla 
(38,82). 
It was further demonstrated that although the net 
uptake of glucose was higher in the renal medulla than m 
cortex, the proportion of glucose oxidized to CO2 was always 
higher in cortex than m medulla (83). The activities of 
hexokmase and phosphof ructokmase, the key enzymes of 
glycolytic pathway were reported in the nephron segments 
belonging to the medulla e.g. MAL and MCT (85), while much 
smaller activity was observed in proximal tubules located m 
the cortex (85,86). 
The activities of the enzymes of TCA cycle (oxidative 
metabolism) on the other hand were found to be higher in the 
cortex while lower activities were reported in the medullary 
nephron subsegments (38,82). The enzymes of HMP shunt 
pathway and the gluconeogenesis were also reported to be 
present in the kidney (55-57,83,87,88) and found to be 
differentially distributed m different tissue zones or in 
different nephron subsegments (55-57,83,84,89). The ke\ 
enzymes of gluconeogenesis such as phosphoenolpyruvate 
carboxykinase, Glucose-b-phosphatase and Fructose 1,6-
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diphosphatase were reported to be present exclusively m the 
proximal tubule of the renal cortex (56,89). 
The enzymes related to carbohydrate metabolic pathways 
were determined both in the liver and in the kidney during 
the development (90-94) but not in the same study or in the 
same species. The activity of pyruvatekinase (PK) and 
lactate dehydrogenase (LDH) of glycolysis were reported from 
late fetal age to the adult rat kidney by Burch et a_l. (92). 
The activities of the above enzymes were higher at birth 
compared to adult rats and were found to be related to the 
rapid differentiation and growth in the kidney structure to 
the high glycolytic activity (92). The activity was higher 
m the medulla more specifically m the outer-stripe of 
outer medulla and in the papilla (93). The activity of LDH 
in the proximal convoluted tubule (PCT) was found to be five 
fold higher than the PK activity and remained higher 
throughout the development (92). The high activity of LDH 
and PK in the medullary structure was consistant with the 
high glycolytic activity in the outer and inner medulla 
(papilla) of the kidney (93). While m the liver key enzymes 
of glycolysis have been shown to have greater activity in 
the developing rat than in the adults (90). The enzymes of 
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gluconeogenesis e.g. G-6-Pase and PEPCK were also determined 
during the development in the kidney (94) and m the liver 
(91) . 
d) Transport function and the development : 
The brush border membranes (BBM) of proximal tubule are 
the site for the reabsorption of most of the ions and 
solutes (16,20) and are composed of mostly proteins and 
glycoproteins which may be enzymes, transporters, channels, 
modulators, receptors for hormones and other ligands and 
structural components (5,58,95-98). The changes in the above 
components that may occur during development and growth 
could be a prime basis to understand the structural and 
functional development and maturation of the proximal tubule 
(or BBM). It is well known that the proximal tubules 
(nephrons) develop and mature structurally and functionally 
during postnatal growth of the animals (9,10). The 
structural components like specific marker enzymes of BBM in 
renal proximal tubules have found to change during growth 
and development (98-101). The specific activities of 
alkaline phosphatase (AlkPase), T-glutamyl transpeptidase 
(GGTase), leucine aminopeptidase (LAP), and maltase were 
found to be lower in the immature rats (36 h old) compared 
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to adult rats (100). In another study, the specific activity 
of AlkPase in BBM of 21 d old rats was higher compared to 14 
d old rats. However, no significant difference was observed 
in the activities of ammopeptidase and maltase m the same 
BBM preparations (98). The activity of GGTase in the BBM of 
1-30 d old rats increased progressively in the age dependent 
manner but on the other hand the activity was observed to 
decrease m the basolateral membrane at the same time (101). 
The activities of marker enzymes of BBM were also determined 
in fetal and adult rabbits and the results suggested that 
mature expression of membrane enzymes occurs at different 
stages of development of renal proximal tubular cells (99). 
The synthesis of glycoproteins in general was also found to 
be different in BBM isolated from young rats and adult mice 
(96) . 
The functional components of proximal tubular brush 
border membrane (transporters) had been widely studied 
during postnatal period. The reabsorption of various ions 
and solutes m the renal proximal tubules has been observed 
to differ in neonate, young, growing and adult kidney 
(5,9,58,98,102-105). It has been observed that immature 
+ + 
animals maintain a state of positive K , Na and Pi balance 
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for optimum postnatal growth and developmi nt (3,4,106). 
Recently, it has been found that low rates of K excretion 
m newborn rabbit, characteristic of the newborn kidney are 
due, at least in part, to a low secretory capacity of the 
cortical collecting tubule (CCT) (107). Further, the cells 
of CCT were found to be functionally immature in newborn 
rabbits (108,109) and a low rate of Na -K ATPase activity 
was reported in neonatal CCTs (110). The study of Zelikovic 
+ + 
et al (12) has shown an increased Na -H exchange activity 
+ 
during early life in rat that may contribute to positive Na 
balance m the growing organism (12). However, a diminished 
+ + 
Na -H antiport was demonstrated m BBMV from fetal rabbit 
+ 
kidney (111). It has been shown that Na -coupled transport 
of glucose (99) and amino acids (112) increases with age but 
the exact mechanisms governing the developmental changes m 
tubular solute transport are unknown. It has been 
postulated, however, that the maturation of renal solute 
transport may be related to age dependent changes m Nd 
movement across the luminal membrane (112,113). The need for 
newborn, young growing animals/humans to maintain positive 
phosphate balance for proper growth is also well recognised 
(1,2,3). A higher Pi transport across the BBM of proximal 
tubules was observed in newborn, growing animals/humans 
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compared to adults despite the relative immaturity of the 
newborn kidney (98,104). The enhanced reabsorption of Pi in 
young and growing animals was attributed to the intrinsic 
factors present in the BBM which may play a ma^or role in 
the maintenance of positive Pi balance during development 
and growth (105). Further, Haramati has suggested that 
higher tubular Pi reabsorption in the newborn animals is the 
result of :-
1. Intrinsic changes in the intra renal handling of Pi, 
2. Hyporesponsiveness to phosphaturic stumuli, and 
3. Some other factors present during growth. 
Above proposition has been supported by the fact that 
the receptors of thyroid hormones and related metabolic 
activity are fully expressed in young growing rats (95,114-
116). Further young rats were able to show a hyperresponse 
to such positive Pi modulators e.g., T3 T4 and low Pi diet 
compared to adult rats (114,117,118). On the other hand, a 
lack of response to phosphaturic stimuli, the parathyroid 
hormones (PTH) and high dietary Pi intake, was observ^ed in 
young growing rats compared to adults (5,58,118). Above 
observations thus indicate that the retention of Pi during 
growth is the result most probably of multiple factors. 
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It IS clear from the above discussaons that the changes 
in structural components and functional capacity of kidney 
occur during development and growth It is well knovsa that 
transport work (functional capacity) of kidney requires 
energy which is supplied by the hydrolysis of ATP. ATP is 
provided by i^ he oxidative metabolism and substrate level 
metabolic processes m the cells. The energy demand in 
animals may change during development and growth according 
to its utilization. Thus, it is possible that the enzymes of 
the metabolic processes (e.g. Glycolysis, TCA cycle etc.) 
may also undergo a change during growth of the animals 
together with other structural and functional components. 
SCOIPE OF THE TH^^IS 
The kidney is known to play an important role in the 
maintenance of fluid volume, composition and pH (acid-base 
balance) in mammals by virtue of reabsorption properties 
both in health and diseases (119). It is clearly indicated 
in adults that the kidney, both structurally and function-
ally, is a composite structure of several tissue organs 
rather than single homogenous organ (55). Major work 
function of the kidney is believed to absorb sodium ions 
(21) since reabsorption of several other ions and solutes 
+ 
depend on the reabsorption of Na by the kidney (21-23). In 
the adult kidney, the proximal tubule has been demonstrated 
to be the major nephron site where majority of the ions and 
solutes are reabsorbed (16,17) and in the proximal tubule, 
luminal brush border membrane (BBM) has been demonstrated to 
be the primary and rate limiting step (15,19, 24). It has 
been also demonstrated that the reabsorption of ions and 
solutes m the kidney m general and in the proximal tubule 
at BBM step in particular are dependent on the expenditure 
of the energy provided by differential cellular systems 
involving various metabolic pathways such as glycolysis and 
TCA cycle etc. (30). The inter and intra-renal nephron (PT) 
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heterogeneity contribute further to the functional capabili-
ties of the kidney,especially m the acute situations (120). 
The kidney at birth is known to be imniature with 
respect to both the structure and the function of its 
functional unit "the nephron" and especially the proximal 
tubules (10,11). The nephronal subsegments undergo specific 
postnatal structural and functional development and mature 
differentially during growth (10,62-65,74). The development 
of the PT cell and its luminal brush border membrane in the 
neonate kidney has clearly been defined by the ultra-
structural studies of Larsson and others (10,62-66,69). It 
has been suggested by numerous investigators that the 
expression for the maturity of proteinic/glycoproteinic 
components of the BBM which includes various transporters, 
and enzymes etc. occurs at different stages of the 
development of the renal proximal tubules (5,96,99,105,114). 
It IS well recognized that the maintenance of po. itive 
Pi balance m newborn and young-growing animals and humans 
ensures the proper growth and the development (3). The 
reabsorption of Pi has been reported to be different mostly 
in whole kidney in newborn and young animals compared to 
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adults (9) and showed differential properties in response to 
certain stimuli and adaptive changes (27,28,85,86,95). The 
activities of the BBM enzymes such as AlkPase and GGTase 
etc. has also reported to be different m newborn and young-
growing animals compared to adults (98-101). 
Although the data on the renal handling of Pi or other 
solutes and ions m newborn and young-growing animals are 
available which is mostly based on the clearance studies 
(5,9,58,102,103). The information utilizing BBM is very 
limited (98,104). Further, the studies were carried out m 
several different species and at different state of the 
development and maturation and the data is based mostly on 
whole animal than in the proximal tubules or m BBMV(s). 
Moreover, the correlative studies involving the structural 
and functional development and maturation were also not 
being done simultaneously and are very much lacking. It 
would be very important to carry out such studies for the 
better understanding of the functioning of the kidney not 
only m newborn and young-growing but also in adults both in 
health and diseases. 
In view of the above, the present work was designed and 
undertaken to study in detail in the same animal species at 
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the same time of the developmental and/or maturational 
stage : 
(1) The distribution of the activities of various enzymes 
of metabolic importance especially related to energy 
metabolism ( m particular glucose metabolism) in 
various tissue zones of the kidney e.g., cortex, 
medulla was studied and the results were compared with 
those of the liver during the development and the 
growth (maturation) to establish any link between 
structural and functional aspects of the kidney. 
(2) In addition, the activities of some marker enzymes 
considered to be of functional importance of the 
luminal BBM of PT e.g., AlkPase, GGTase, or LAP etc. 
and others belonging to other organelles (e.g., 
lysosomes) were also determined in the above defined 
tissue zones and also in the BBMV(s) during postnatal 
development and growth. 
(3) Transports of Pi (m particular) together with the 
transports of amino acids (proline) and sugars 
(glucose) were determined and are further charactei ized 
in the proximal tubular BBM during postnatal 
development and maturation. 
30 
Thus the characterization and elucidation of the 
structural and functional properties of the PT in general 
and BBM m particular in newborn and young-growing animals 
would further our knowledge regarding cellular mechanisms 
for the energy metabolism to contribute in various transport 
systems in the kidney during the growth as a function of 
structural development as would be indicated by the BBM 
enzyme activities. 
The results obtained m the present study clearly 
indicate differential structural and functional patterns in 
newborn, young-growing and adult rats. 
MATERIAL AND METHODS 
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MATERIAL 
Animals : 
Albino rats (Wistar strain) of different age were 
purchased from Experimental Animal Facility Centre, AIIMS, 
New Delhi and Jamia Hamdard University, New Delhi. 
Substrates of carbohydrate roetabolism enzymes : 
D-Glucose-6-phosphate for glucose-6-phosphate 
dehydrogenase and glucose-6-phosphatase, Pyruvate-Na for 
lactate dehydrogenase, oxaloacetate for malate 
dehydrogenase, L-malic acid for malic enzyme, fructose 1,6 
diphosphate for fructose bis-phosphatase, P-nitrophenyl 
phosphate for acid phosphatase were purchased from SRL, 
India. 2-[4-iodophenyl]-3-[4-nitrophenyl]-5-phenyl tetrazo-
lium chloride (INT) for succinate dehydrogenase was 
purchased from Sigma Chemical Co., USA. 
Substrates of marker BBM enzymes : 
P-Nitrophenyl phosphate for alkaline phosphatase was 
purchased from SRL, India and T-glutamyl p-nitroanilide for 
r-glutamyl transpeptidase and L-leucine p-nitroanilide for 
leucine aminopeptidase were purchased from Sigma Chemical 
Co., USA. 
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Radio Chemicals : 
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Tritiated glucose and proline ( H-Glc & H-Pro) and 
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radioactive phosphate ( Pi) were purchased from BARC, 
India. 
Miscellaneous : 
The chemicals used were of finest quality commercially 
available and their sources are indicated against them. 
Glass distilled water was used in all experiments. 
CHEMICAL SOURCE 
Acetic acid E. Merck, India 
Ammonium molybdate Glaxo, India 
Bovine serum albumin Sisco, India 
Cholestrol J.T. Baker Chemical Co., 
USA 
Choline chloride Doba, India 
Cocktail-T (Scintillation liquid) Sisco, India 
Copper sulphate (CUSO4) BDH, India 
Cysteine hydrochloride Sigma Chemical Co., USA 
Di-potassium hydrogen ortho-
phosphate 
Qualigens, India 
Ether E. Merck, India 
Ethyl acetate Qualigens, India 
Ferric chloride (FeCl3) Ranbaxy Lab., India 
Ferrous sulphate (FeSO^) Ranbaxy Lab., India 
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Folin's Phenol reagent 
Glycine 
Glycyl glycine 
N-2-Hydroxy ethyl-piperazine 
N-2-ethane sulphonic acid (HEPES) 
Hydrochloric acid (HCl) 
Magnesium chloride (MgCl2) 
Nicotinamide adenine 
dinucleotide phosphate (NADP) 
Nicotinamide adenine 
dinucleotide reduced (NADH) 
Phosphonoformic acid (PFA) 
P-Nitroanilide 
P-Nitrophenol 
Potassium chloride (KCL) 
Loba Chemical Co., India 
E. Merck, India 
Loba, India 
Sigma Chemical Co., USA 
E. Merck, India 
Qualiqens, India 
SRL, India 
SRL, India 
Sigma Chemical Co., USA 
Sigma Chemical Co., USA 
Loba Chemical Co., India 
Glaxo, India 
Potassium dihydrogen orthophosphate Qualigens, India 
Sodium arsenate (GR) 
Sodium carbonate (Na2C03) 
Sodium chloride (NaCl) 
Sodium lauryl sulfate (SDS) 
Sodium potassium tartarate 
Sulfuric acid (H2SO4) 
Tri-chloroacetic acid (TCA) 
Tris-base 
Romali,American Preparate 
Qualigens, India 
E. Merck, India 
CDH, India 
Qualigens, India 
Qualigens, India 
Loba Chemical Co., India 
Sigma Chemical Co., USA 
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EXPERIMENTAL PROCEDDRES 
1. Animals : Albino rats (Wistar Strain) of either sex 
(Experimental animal facility centre, AIIMS and Jaroia 
Hamdard University, New Delhi) were grouped according to 
their age. A nucleus colony of the rats was also maintained 
m the departmental animal house. The rats were maintained 
on a standard rat pellet diet (Amrut, Maharashtra, India) 
and ad libitum of drinking tap water one week before the 
experiment. On the day of experiment, the rats from various 
age groups were sacrificed under light ether anesthesia. 
The kidneys and the liver were removed accordingly and kept 
in ice cold buffered saline (154mM NaCl, ImM Tris-HEPES, pH 
7.5). The homogenates were prepared for further analysis and 
for the isolation of membrane fraction (in the case of the 
kidney) as described on the following pages. 
2. Preparation of homogenates from cortex, medulla and liver 
for enzyme analyses : Kidneys and livers from 8-10 d (6 
rats), 15-20 d (4 rats), 35-40 d (2 rats) and 90-120 d (1 
rat) were removed and kept m ice cold buffered saline, pH 
7.5. The kidneys were cut longitudinally and the cortex and 
medulla were dissected out carefully and kept in fresh 
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saline solution (all the steps are carried out at 0-4*C, 
unless otherwise specified). Enough tissue material from 
cortex, medulla and liver was homogenized with 0.1 M Tris-
HCl, pH 7.4 (15% homogenate) m a Potter-Elvehejem 
homogenizer (passing 8 pulses) fitted with Teflon pestle. 
The homogenate thus obtained was centrifuged at 4000 rpm 
(2000xg) for 10 min m a cooling centrifuge (Beckman, J2-21) 
and the supernatant of 2000xg was used for enzyme assays. 
3. Preparation of BBMV from whole cortex : Cortical tissues 
from the kidneys of 10-12 rats (15-20 d), 7-8 rats (35-40 
d), 5-6 rats (55-60 d) and 3-4 rats (90-120 d) were pooled 
for each group and BBMV was prepared simultaneously by the 
method of Schimitz et al (121) using MgCl2 for the 
precipitation of membranes other than BBM as described by 
Yusufi and Dousa (122) and outlined m Fig. 1. 
All the solutions used were prefiltered through 0.45 ym 
Millipore filters and the BBMV preparation was carried out 
at 0-4*C (unless otherwise specified). 
(i) Cortical tissues (1 gm/5ml) were homogenized in a 
buffered solution (50 mM mannitol, 2 mM Tris-HEPES, pH 7.0) 
with four complete passes m a Potter-Elvehejem homogenizer. 
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RAT RENAL CORTEX 
CORTICAL 
HOMOGENATE 
50 mM MANNITOL 
2 Mm TRIS-HEPES, pH 7.0 
HIGH SPEED 
HOMOGENIZATION 
(Ultra-Turrex) 
BBMV IN 
HOMOGENATE 
+ 2 
Mg PRECIPITATION 
& CENTRIFUGATION AT 
2000 X g FOR 10 MIN 
PELLET 
DISCARDED 
BBMV IN 
SUPERNATANT 
BBMV PURIFICATION 
BY CENTRIFUGATION 
AT 35000 X g FOR 
30 MIN 
BBMV 
SUSPENDED IN 
300 mM MANNITOL 
5 mM TRIS-HEPES, 
pH 7.4 
Fig 1 : Schematic representation of BBMV preparation from 
rat renal cortex. 
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(ii) The homogenate was diluted with the above buffer 
solution (1 gm/20 ml) followed by polytron hornogenization at 
high speed (Ultra-Turrex T25, Germany) with three pulses, 
30s each and 30s interval in between each pulse. Aliquots of 
cortical homogenate were saved and quickly frozen for 
further analysis. 
(ill) 1 M MgCl2 was added to the homogenate (final cone. 10 
mM) and was kept for 20 min with intermittent shaking. The 
homogenate was then centrifuged at 2000xg (4000 rpm) for 10 
min in a BecKman J2-21 refrigerated centrifuge and the 
pellet was discarded. 
(iv) The supernatant was recentrifuged at 35000xg (17000 
rpm) for 30 m m and the pellet thus obtained was resuspended 
in a small volume (1-2 ml) of the solution containing 300 mM 
mannitol, 5 mM Tris-HEPES, pH 7.4, with four complete passes 
by a loose fitting Dounce homogenizer (Wheaton, USA) and the 
volume was raised to 10-15 ml. 
(v) The above suspension was centrifuged again at 35000xg 
(17000 rpm) for 20 min m 15 ml corex glass tube. The white 
outer portion of the pellet was resuspended carefully in a 
small volume of buffered 300 mM mannitol, leaving the dark 
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brown mitochondrial contamination undisturbed. 
(vi) The suspension thus obtained was homogenized by Douncer 
(Wheaton, USA) or passed through a needle no. 21. Aliquots 
of membrane suspension were quickly frozen for protein and 
enzyme analysis. Transports of solutes were determined in 
freshly prepared membrane as described later. 
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METHODS FOR ANALYSES 
a. General procedures : Determination of inorganic 
phosphate liberated as a result of enzyme substrate reaction 
was carried out as described below -
Determination of inorganic phosphate (Pi) : 
Pi was determined by the methods of Tausky & Shorr 
(123). An aliquot of the sample was made to 1.8 ml with dis. 
H2O and then 1.2 ml freshly prepared FeS04 reagent was 
added. A calibration curve of potassium dihydrogen 
orthophosphate (0.013-0.28 ymoles) was prepared 
simultaneously with test samples. The blue color developed 
was read after 20 min at 820 nm in Spectronic-20 
spectrophotometer (Bausch & Lomb) against a reagent blank. 
b. Enzyme assays : The enzymes of carbohydrate metabolism 
and other organelles (e.g. Lysosomes) were assayed m 
cortical, medullary and liver homogenates and marker enzymes 
of brush border membrane were measured m CH and BBMV(s). 
All the enzymes were assayed at zero order kinetics (unless 
otherwise specified). One unit of enzyme is defined as the 
amount of enzyme required to catalyze the formation of one 
ymol of product per hour under the specified experimental 
*-
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conditions. Specific activity is defined as the enzyme units 
per mg of enzyme protein. 
1. Assay of carbohydrate metabolism enzymes : The assays 
were carried out measuring the extinction changes m 
Calbiometer fixed for 340 nm in a final volume of 3.0 ml at 
room temperature (28-30''C). The net reaction rate was 
measured by the difference of the extinction values obtained 
from addition of the substrate and for actual enzymic 
reaction following the addition of the substrate. 
a) Glucose-6-phosphate dehydrogenase-(D-glucose-6-phosphate 
NADP Qxidoreductase; E.G. 1.1.1.49) : The enzyme v^ as 
measured by the method of Shonk &. Boxer (124). Reaction 
mixture contained : Tris-HCl buffer, pH 7.4, 150 umoJes; 
MgCl2 10 ymoles; glucose-6-phosphate 5 ymoles; NADP 0.24 
vmoles and 0.6-1.2 mg enzyme protein. Increase in absorbance 
at 340 nm was followed for 5 m m . 
b) Lactate dehydrogenase (L. lactate: NAD Qxidoreductase, 
^•^' 1 • 1 • 1 • 27_) : The enzyme was assayed by the procedure of 
Kornberg (125). The reaction mixture contained : Tris-HCl 
buffer, pH 7.4, 150 ymoles; MgClj 10 ymoles; sodium pyruvate 
5 ymoles; NADH 0.24 ymoles and enzyme protein 4.0-fa.O yg. 
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Decrease in absorbance at 340 nin was followed for 5 min. 
c) Ma late dehydrogenase (L-n\alate : NAD Oxidoreductase; 
E.G. 1.1.1.37) ! This enzyme was assayed by the method of 
Ochoa (126). The reaction mixture contained : Tris-HCl 
buffer, pH 7.4, 100 yrooles; oxaloacetate 2.5 umoles; NADH 
0.24 urooles and 4.0-6.0 ug enzyme protein. Decrease in 
absorbance at 340 nm was followed for 5 min. 
d) Succinate dehydrogenase (SDH) : (E.G. 1.3.99.1) : The 
enzyme was assayed by the method of Pennington (127) as 
described by Szczepanska-Konkel, M. et al. (128). The 
reaction was started by the addition of 100 yl enzyme (80-
100 yg enzyme protein) to 900 yl assay buffer containing -
K2HPO4, 5U mM; INT, 0.1%; Na-succmate, 50 mM; Sucrose, 25 
mM, pH 7.5 (final volume 1.0 ml). After incubation at 37«c 
for 15 min, the reaction was stopped by the addition of 1 ml 
10% TCA. The color developed was extracted with 2.5 ml ethyl 
acetate and read at 490 nm in DU 40 spectrophotometer 
(Beckmann). The results were expressed as m.E.U./mg protein/ 
hr. (1 m.E.U. = 1.0 OD change). 
e) Malic enz^rme (L-malate : NADP Qjyjdoreductase, E.G. 
1JAJLL^40_} : This enzyme was assayed following the procedure 
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of Ochoa (129). The reaction mixture contained : Tris-HCl 
buffer, pH 7.4, 100 ymoles; MnCl2 10 vmoles; L-roalic acid 5 
ymoles, NADP 0.24 ymoles and 0.6-1.2 mg enzyme protein. 
Increase in absorbance at 340 nm was recorded for 5 m m . 
f) Glucose-6-pho8phatase (D-qlucose-6-phosphate phosphohy-
drolase; E.C. 3.1.3.9) : This enzyme was assayed according to 
the method of Swanson (130) as modified by Shull et al (131). 
The reaction mixture contained : Tris-HCl buffer, pH 7.4, 50 
ymoles; MgCl2 10 ymoles; glucose 6-phosphate, 10 ymoles; and 
enzyme protein 2-3 mg. The reaction was stopped with 1.0 ml 
of 10% TCA after 60 m m and phosphorous estimated in the 
protein free supernatant by the method of Tausky & Shorr 
(123) . 
g) Fructose 1,6~biaphoBphatase (D-fructose-1,6-diphosphate 
1-phosphohydrolase; E.C. 3.1.3.11) : This enzyme was assayed 
according to the method of Freedland and Harper (132). The 
reaction mixture contained : Tris-HCl buffer, pH 8.6, 50 
ymoles; MgCl2 ^^ ymoles; cysteme-HCl 12 ymoles; fructose 
1-6 diphosphate 10 ymoles; and enzyme protein 600-800 yg. 
The reaction was stopped by the addition of 1.0 ml 10% TCA 
after 60 m m and the phosphorous was estimated m the 
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protein free supernatant by the method of Tausky & Shorr 
(123). 
h) Acid phosphatase (APase) (E.G. 3.1.3.2) : The activity 
of APase was determined in the homogenates of kidney and 
liver by the method of Verjee et al. (133). 100 yl Enzyme 
(40-50 vg enzyme protein) was delivered to test tube 
containing 2.4 ml 0.2 M acetate buffer, pH 4.5. The reaction 
was started by the addition of 0.5 ml p-nitrophenyl 
phosphate (final cone. 0.8 mM) and incubated for 15 min at 
37 "C. The reaction was stopped by adding 2 ml 2N NaOH. A 
calibration curve of standard p-nitrophenol (0.01-0.20 
ymol) was also prepared simultaneously. The colour obtained 
was read at 405 nm against a reagent blank m Spectronic-20 
spectrophotometer (Bausch & Lomb). 
2. Marker brush border membrane enzymes assay : The 
enzymes were assayed simultaneously in CH and BBMV under 
similar conditions by using same solutions to avoid day-to-
day experimental variations. Aliquots of CH and BBMV were 
diluted with lOmM Tris-HCl buffer, pH 7.5 to obtain suitable 
enzyme protein concentration. 
a) Alkaline phosphatase (_AlkPase) (E.G. 3.1.3.1) : This 
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enzyme was assayed according to the method of Shah et aj 
(134) as described by Kempson et al (135). The reaction 
mixture contained: 1.4 ml assay buffer (glycine, 55 mM; 
NaCl, 36 mM; NaOH, 45 mM; pH 10.5); 100 vl enzyme (35-40 yg 
for CH, 4-8 yg for BBMV protein). The reaction was started 
with 15 yl p-nitrophenyl phosphate (5.8 mM final cone.) and 
incubated at 37'C for the required time (5-20 min). The 
reaction was stopped by the addition of 50 yl 5N NaOH. A 
calibration curve of standard p-nitrophenol (0.01-0.20 
ymoles) was also prepared simultaneously. The color obtained 
was read at 405 nm in Spectronic-20 spectrophotometer 
(Bausch & Lomb). 
b) r-Glutamyl transpeptidase (GGTase) (E.G. 2.3.2.2) : 
This enzyme was assayed by the method of Glossmann and 
Neville (136) as described by Kempson et al (137). The 
reaction was started by the addition of 100 yl enzyme (15-20 
yg for CH, 2-5 yg for BBMV protein) to 1.9 ml substrate 
buffer (MgCl2, 20 mM; r-glutamyl-p-nitroanilide, 2 mM; 
glycyl-glycine, 4 mM; Tris-base, 100 mM; pH 8.2) and 
incubated at 37°C for the required time (5-15 m m ) . The 
reaction was stopped with 100 yl 15 M acetic acid. A 
calibration curve of standard p-nitroanilme (0.025-0.20 
45 
ymoles) was prepared simultaneously. The color obtained was 
read at 405 nm against a reagent blank in Spectronic-20 
spectrophotometer. 
c) L-Leucine aminopeptidase (LAP) (E.G. 3.4.11.2) : This 
enzyme was assayed by the method of Goldmann et al (138) as 
described by Yusufi et al (139). The reaction was started by 
the addition of 100 vl enzyme (40-60 vg for CH, 10-15 vg for 
BBMV protein)) to 1.9 ml substrate buffer 
(NaH2P04.H20/Na2HP04.7H20, 50 mM; L-leucine p-nitroanilide) , 
0.33 mM; pH 7.2) and incubated at 25°C for the required time 
(15-30 min). The reaction was stopped with 100 yl 15 M 
acetic acid. A calibration curve of standard p-nitroanilme 
(0.025-0.20 ymoles) was also prepared simultaneously. The 
yellow color obtained was read at 405 nm against a reagent 
blank in Spectronic-20 spectrophotometer. 
3. Protein determination : Protein was measured by a 
modified method of Lowry et aj (140) as described by Shah et 
al (134). The sample was made to 0.8 ml with 0.5% SDS. In 
timed sequence 2.0 ml alkaline copper reagent was added and 
exactly after 10 min of incubation at room temperature (RT) 
0.2 ml Folm's reagent (IN) was added with brisk shaking and 
incubated for 30 min at RT. A calibration curve of standard 
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BSA (5-80 vg) protein was prepared simultaneously. The blue 
color obtained was read at 660 nm against a reagent blank in 
Spectronic-20 spectrophotometer (Bausch & Lomb). 
4. Transport : Transport of phosphate (Pi), proline or 
glucose were usually carried out by rapid filtration 
technique as described earlier by Yusufi et al (139) and 
briefly described as follows -
32 3 3 
Transport of Pi, H-D-glucose or H-L-proline were 
determined in either the presence or in the absence of Na-
gradient (NaCl or KCl in the medium) unless otherwise 
specified. In actual procedure 15 yl BBMV suspensions were 
delivered in triplicate and kept on ice. The samples were 
preincubated for 1 m m at 25''C and the transport was started 
by adding 30 yl incubation media in a final volume of 45 yl 
(unless otherwise specified) containing 100 mM mannitol, 100 
mM NaCl (or 100 mM KCl) and 5 mM Tris-HEPES, pH 7.5 and 
32 3 3 
either 0.1 mM Pi, or 0.05 mM H-D-glucose, or 0.025 mM H-
L-proline. Transport was stopped after a specified time by 
adding ice cold stop reagent containing 135 mM NaCl, 10 mM 
Na-arsenate, 5 mM Tris-HEPES, pH 7.5 and quickly filtered 
through 0.45 ym Millipore filter. The filter was washed 
thrice with the stop reagent. After filtration, the filters 
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containing membrane associated transporting molecules 
(radioisotope) were counted in a beta counter (Reck beta, 
LKB Wallac) with 10 ml of scintillation fluid (Cocktail-T 
SRL) . 
5. Statistical analysis of the data : All data are 
expressed as the MeanlSEM. To determine statistical 
significance, the data were evaluated using the t-test 
(group or paired). 
RESULTS AND DISCUSSIOIV 
(PART-I) 
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RESOLTS-I 
In view of the known structural and functional 
immaturity of the kidney at birth and its subsequent 
postnatal development and maturation during the growth, rats 
of variable of ages of 8-10 d & 15-20 d (newborn), 35-40 d & 
55-60 d (young-growing) and 90-120 d (adults) were used in 
the present study unless ptherwise stated. 
(1) To examine the structural development and maturation of 
the nephrons in general, the enzymes of carbohydrate 
metabolism were determined in the homogenates of 
different kidney tissue zones. They were compared v\ith 
the same enzymes in the liver during the same periods 
of development and growth. 
(2) To examine the structural development of the proximal 
tubule in particular, the marker enzymes of BBMV(s) 
were determined in the homogenates as well as m the 
BBMV(s) and compared with the marker enzymes of some 
other organelles, and 
(3) Finally the functional development and maturation was 
studied by examining the transport properties in the 
BBMV(s) isolated from renal cortex of the above 
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animals. Any link between the functional capabilities, 
structural and the metabolic activities would be 
explored by these studies as a whole. 
(a) General Observations. 
As shown in Table 1, four groups of rats of varying 
ages entered m the study simultaneously. The rats included 
were 8-10 d & 15-20 d (newborn), 35-40 d & 55-60 d (young-
growmg) and 90-120 d (adult) of age. There was an age 
dependent increase in the body weight and the maximum gain 
was observed between 15-20 d and 35-40 d old rats followed 
by a steady increase m the body weights thereafter. A 
similar pattern was also observed for kidney as well as the 
cortical tissue weights. However, m relation to the body 
weight the weight of the kidney or cortex was significantly 
higher m 8-10 d and 15-20 d rats whereas m other rats it 
was decreased (Table 1). These observations indicate that 
most of the development and addition of renal mass appeared 
to occur in first 4-5 weeks of postnatal life. 
(b) Enzymes of the carbohyd rate metabolism, BBMV(s) and 
lysosomes in the horoogenate of the renal cortex, the 
medulla and the liver. 
The activities of various enzymes related to 
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carbohydrate metabolism (glycolysis, gluconeogenesis, cirtic 
acid cycle and enzymes of biosynthetic importance) were 
determined in the homogenates of the cortex (C) and the 
medulla (M) and the results were compared with enzymes of 
liver homogenates (LH) of newborn (8-10 d & 15-20 d), young 
growing (35-40 d) and adult (90-120 d) rats. 
The specific activity of lactate dehydrogenase (LDH) 
was found to be significantly higher in medullary 
homogenates (MH) of all age groups of rats and more 
profoundly in 35-40 d old rats compared to cortical 
homogenates (CH) (Table 2, Fig. 2). The activity was 
increased both in CH and MH in an age dependent manner and 
found to be maximum in 35-40 d rats and then declined m the 
adult rats (90-120 d). The activity of LDH m liver 
homogenates (LH), however was observed to be much greater 
compared to both CH and MH in all age groups of rats (Table 
2, Fig. 2) indicating a greater metabolic activity in the 
liver than in the kidney. In contrast to the kidney, maximum 
LDH activity in liver was observed in the newborn rats which 
declined steadily with increasing age of the rats and was 
least in the adults (Table 2; Fig. 2). 
CN 
1 
u tJ 
CQ 
< 
H 
to 
i) 
+J 
(tJ 
c dj 
t j i 
0 
e • 0 k^  
x : oj 
> 
0) H 
J= -H 
4J 
T3 
C C 
•H (B 
> i fO 
+J - ( 
•H -^ 
> 3 
•1-^ V 
+J <U 
0 £ 
(B 
T3 
— C 
X IV 
a J X 
^ 0) 
4J 
a; b 
a 0 
(B U 
c 
a >l 
01 QJ 
0 c U TJ 
T5 -H 
> i X 
£ 
4) M-4 
TJ 0 
a 
•U 
fl 
+J 
U 
« 
h:3 
3 
g 0 
0 I -
U tT> 
0) C 
D^ H 
C 73 
IB 0) 
U 0) 
X4 
Q) 
> 
•H 
iJ 
£ 0 
u 
«w 
(U 
Oi 
c (B 
x: 0 
o\» 
a 
3 
0 
>H 
tr 
tji 
c 
•H 
TJ (U 
U 
0) 
L^  
a 
TJ 
0) 
S 
E 
0 
IH 
>H 
(U 
Oi 
c (B 
X. 
0 
&P 
0^ 
3 
0 
u 
CP 
a> 
c 
• H 
T3 
(U 
U 
0) 
U 
a 
LI 
0 
00 
(B 
V4 
CJ^  
< 
I 
« 
CO 
+1 
CO 
- 0 
« 
<B 
CN 
• 
• I 
o 
CO 
in 
CN 
I 
IB 
CN 
CN 
O 
« 
<B 
VD 
• 
o 
• I 
CO 
if) 
• 
in 
CN in 
in vo ro 
+ + I 
o 
o 
• 
CO 
+1 
VX3 
i n 
• 
T-{ 
00 
CN 
00 
• ( N 
+1 
o 
o 
• 
CO 
ro 
XJ 
'B 
T 
•^ 
• 
rH 
+ 1 
"* 
PO 
* 
00 
in 
J2 
o 
»H 
• CN 
+1 
CN 
00 
• 
"JT 
oo 
00 
rH 
+ 
CTi 
+ 
o CN 
1 
00 
r^  
• 
o 
*i 
CN 
O 
• i n 
CN 
T3 
— t 
0 
T3 
O 
1 
1 
00 
vc 
i H 
• (N 
+1 
' * 
^ 
• 
<JS 
CN 
T3 
^^  
0 
TJ 
O 
CN 
1 
1 
in 
r H 
00 
00 
• 
CN 
+1 
CO 
CN 
• 
CN 
00 
T3 
> H 
0 
T3 
O 
• t 
1 1 
i n 
00 
CN 
r>-
• 
o 
+1 
•"S-
r^  
• i n 
CN 
T3 
- H 
0 
TJ 
o 
CN 
rH 
1 
O as 
IB 
U 
IB 
a 
D 
01 
00 
M-l 
O 
s 
u 
w 
• I 
c 
IB 
L I 
CB 
LI 
x; 
0) 
o 
L I 
0 
e 
3. 
(B 
TJ 
<D 
03 
m 
0) 
LI 
a 
X 
• 
4J 
iT» 
U 
TJ 
- H 
0 
TJ 
o 
i H 
1 
00 
e 0 
LI 
HH 
04 
3 
0 
LI 
0^ 
0) 
CP 
IB 
U> 
c 
• H TJ 
d) 
V 
(V 
U 
Oi 
Q) 
x: 
•P 
e 0 
L I 
»H 
» 
X 
0} 
-p 
L I 
O 
O 
E 
O 
L I 
«*H 
• 
IB 
i—1 
- H 
3 
T! 
(D 
e 
£ 
0 
L I 
M 
CO 
d) 
• H 
+J 
• H 
> 
• H 
-P 
U 
IB 
0 
• H 
"W 
•H 
0 
0) 
Ou 
CO 
~--
(0 
-p 
t—1 
3 
CD 
0) 
cc 
• 
CO 
4J 
c 
<u E 
• H 
LI 
0) 
a X 
0) 
V 
a 
+j 
IB 
^ 
C 
(1) 
u 0) 
«w 
U-l 
• H 
TJ 
> i 
1—1 
4J 
c 
IB 
O 
• H 
« * - l 
• H 
C 
01 
•H 
to 
IB 
\^ 
Ou 
4-* 
(B 
4-) 
c 
0) 
L I 
<D 
>w 
H-^ 
• H 
TJ 
> i 
1—1 
4.) 
c 
IB 
O 
•H 
>H 
• H 
C 
O^  
•H 
CO 
X3 
s^ 
Q4 
+J 
(B 
4-> 
c Q) 
L I 
0) 
«M 
«M 
• H 
TJ 
> i 
•—t 
J J 
C 
flO 
V 
• H 
«•-( 
- H 
c 
tr 
• H 
CD 
« 
a 
•p 
IB 
4-) 
c 
0) 
L I 
0) 
U-l 
«P 
•H 
TJ 
> i 
•—{ 
4-> 
c 
IB 
O 
• H 
<W 
• H 
C 
O^ 
• H 
w 
o 
53 
140 
105 
C 
t o 70 
> a 
t~ at 
^ E 
a . 
(0 O 
E 
5 35 
Cortex Medulla Liver 
Fig.2 : 
Lactate dehydrogenase (LDH) activity in the homogenates 
of kidney cortex and medulla and liver. 
Each bar represents results of (Mean + SEM) of 3 
separate experiments. 
a . Significantly different at p<.01 from 8-10 d old rat. 
^Significantly different at p<.01 from the preceding age 
group. 
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As shown in Table 3 (Fig. 3), the activity of MDH, a 
representative enzyme of TCA cycle, was least m the newborn 
rats both in CH and MH and then increased progressively with 
increasing age both m the cortex and the medulla (Table 3; 
Fig. 3). A sharp increase (+30%) m CH was observed in 15-
20 d compared to 8-10 d rats and reached the maximum in 
adult rats. However, in MH, the maximum increase (+37%) was 
observed between 15-20 d and 35-40 d rats and then lowered 
in the adult rats. In contrast to the kidney, the activity 
of MDH in LH was maximum in 8-10 d old rats and then 
decreased with increasing age of the rats upto 35-40 d of 
age. In adults, however, MDH activity was significantly 
lower in LH than the kidney tissues (Table 3). 
The activity of succinate dehydrogenase (SDH) another 
enzyme of the TCA cycle showed a differential maturational 
pattern than MDH as shown m Table 4 (Fig. 4). The activity 
was much lower in the liver than in the kidney tissues. In 
CH, the activity of SDH was higher (+52%) in 15-20 d rats 
compared to 8-10 d rats. However, it was significantly lower 
(-68%) m 35-40 d rats. In contrast to CH, in MH, the 
activity increased progressively with increasing age. 
Similar age dependent increase was also observed in the 
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significantly different at p<.01 from 8-10 d old rat. 
Significantly different at p<.01 from the preceding 
age group. 
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liver which was opposite to the observation of MDH activity 
in LH. 
The activity of both fructose 1,6-bisphosphatase 
(FDPase) and glucose-6-phosphatase (G-6-Pase), enzymes of 
gluconeogenic pathway, were also determined m the 
homogenates of the cortex, the medulla and the liver. The 
specific activities of both FDPase and G-6-Pase were always 
much higher in the cortex compared to medulla in all age 
group of rats (Table 5, 6; Fig. 5, 6). The activity of these 
enzyroes was differentially distributed m CH and MH in 
different age groups of rats and FDPase was several fold 
higher compared to G-6-Pase both in CH and MH (Table 5, 6; 
Fig. 5, 6), however in the liver except in newborn (8-10 d) 
rats it was evenly distributed m all other rats. The 
activity of FDPase was higher (+38''«) in 15-20 d rats 
compared to 8-10 d old rats and then it declined slowly may 
be not significantly m the cortex with increasing age of 
rats (Table 5). In contrast to CH, FDPase activity in MH, 
was lower (-22%) in 15-20 d compared to 8-10 d rats and 
then increased (+38%) in 35-40 d rats and again declined m 
the adult rats (Table 5). The maximum activity of FDPase was 
found in the liver of newborn (8-10 d) rats and then 
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Fig . 5: 
Fructose 1,6-bisphosphatase (FDPase) activity in the 
homogenates of kidney cortex and medulla and liver. 
Each bar represents results (Mean ± SEM) of 3 separate 
experiments. 
a 
Significantly different at p<.01 from 8-10 d old rat. 
Significantly different at p<.01 from the preceding 
age group. 
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Fig. 6: 
Glucose-6-phosphatase (G6Pase) activity in the homogena-
tes of kidney cortex and medulla and liver. 
Each bar represents results (Mean ± SEM) of 3 separate 
experiments. 
^Significantly different at p<.01 from 8-10 d old rat. 
Significantly different at p<.05 (or higher degree of 
significance) from the preceding age group. 
64 
linearly decreased with increase in age and was 3 times less 
in the adults compared to newborn rats. A decrease of 48% in 
15-20 d rats compared to 8-10 d rats was observed with no 
further change in older rats (Table 5). 
The activity pattern of G-6-Pase was quite different 
from that of FDPase both in CH and MH (Table 6; Fig. 6). It 
was quite low in 8-10 d rats compared to the rats of higher 
age groups. The activity was sharply higher in 15-20 d rats 
than 8-10 d rats both in CH (+154%) and m MH (+100%) and 
then It was further increased both m CH though at a slower 
rate (+20%) and m MH (+412%) (Table 6). In MH, it was 
observed to be lower (-44%) m adult rats. Contrary to CH 
and MH, G-6-Pase activity was lowered in LH with increasing 
age of the rats, and maximum enzyme activity was present in 
the newborn rats (Table 6). 
The activity of G-6-PDH (an enzyme of HMP-Shunt 
pathway) was relatively higher in the cortex compared to the 
medulla in all the rats (Table 7; Fig. 7). The activity was 
higher m the newborn (8-10 d) rats both m CH and MH and 
then steadily lowered in 15-20 d, 35-40 d and 90-120 d rats 
with advancing age (Table 7; Fig. 7). However, m contrast 
to the cortex and medulla, the enzyme activity in liver was 
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8001 
^ 600-
8-10d rat 
15-20d rat 
% 
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ab 
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Cortex Medulla Liver 
Fig. 7: 
Glucose-6-phosphate dehydrogenase (G6PDH) activity in 
the homogenates of kidney cortex and medulla and liver. 
Each bar represents results (Mean + SEM) of 3 separate 
experiments. 
a 
Significantly different at p<.01 from 8-10 d old rat. 
Significantly different at p<.01 from the preceding 
age group. 
67 
found to be lower in the newborn rats and then increased m 
15-20 d and 35-40 d rats. The maximum increase in the 
activity (+163%) was found in 35-40 d rats compared to 15-20 
d rats. It was found to be less m adults than young-growing 
(35-40 d) rats. 
The activity of malic enzyme (ME) in addition to G-6-
PDH (both the enzymes of bio-synthetic importance) was 
determined in the cortex, medulla and liver. In contrast to 
LDH, MDH, FDPase and G-6-Pase (Table 2-6), the activities of 
malic enzyme (ME) and G-6-PDH changed m a different manner 
(Table 7, 8). The activity of ME was distributed 
differentially m CH, MH and LH (Table 8; Fig. 8) and the 
pattern was similar to that of G-6-PDH. The activity was 
relatively higher m MH compared to CH in all age groups of 
rats. The activity of ME lowered at a rapid rate both in CH 
and MH with the increase in age of rats (Table 8). In liver, 
however, the activity pattern of ME was similar to that of 
the G-6-PDH. It was lower m the newborn (8-10 d) rats, and 
then was higher upto 35-40 d age and then again lowered 
sharply m adult (90-120 d) rats (Table 8). The maximum 
increase (+100%) m the activity was observed in between 15-
20 d and 35-40 d rats. 
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35-40d rat 
Cortex Medulla Liver 
Fig. 8: 
NADP-inalic enzyme (ME) activity in the homogenates of 
kidney cortex and medulla and liver. 
Each bar represents results (Mean ± SEM) of 3 separate 
experiments. 
Significantly different at p<0.1 from 8-10 d old rat. 
Significantly different at p<.05 (or higher degree of 
significance) from the preceding age group. 
70 
In addition to certain metabolic enzymes the activity 
of BBM-marker enzyme (BBMV) e.g., alkaline phosphatase 
(AlkPase) and lysosomal enzyme e.g., acid phosphatase 
(APase) measured under similar experimental conditions m 
the same homogenates of cortex, medulla and the liver (Table 
9, 10) from different age groups of rats. The results 
indicate that the activity of AlkPase was much higher in the 
cortex and the medulla compared to the liver. The activity 
increased with increasing age reaching maximum m 35-40 d 
old rats both in CH and MH while it declined froiri newborn to 
growing and adult rats m the liver (Table 9). The activity 
of APase, however, similarly distributed m all the tissues 
although the enzyme increased with increasing age at a 
greater rate m the cortex than medulla and did not change 
m the liver (Table 10). 
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DISCDSSION-I 
(a) Enzyme of carbohydrate roetabolisin : 
The structure, the components, and the metabolic and 
functional activities of the kidney, its different tissue 
zones and its tubular subsegments in adults have been 
greately characterized both in health and diseases 
(1,10,30). It is well known that the kidney plays extremely 
important role in the maintenance of the body fluid volume, 
composition, and the pH (acid-base balance) by virtue of its 
components and its reabsorptive properties (119). It also 
facilitates in maintaining a positive balance of certain 
nutritional elements during development and the growth (3,4). 
The kidney which looks apparently so homogenous is 
actually a composite organ structure consisting of various 
tissue zones such as cortex, outer and inner medulla which 
themselves behave rather individual organs (55). Further, 
"the nephron", structural unit of the kidney is also 
comprising of various subsegments of distinct structures and 
specific functions. Moreover, the mtra-and mter-nephronal 
heterogeneity of different nephronal subsegments is also 
very well understood (120). 
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The main function of the kidney is to reclaim various 
ions and solutes from the glomerular filtrate when the blood 
during circulation filters through the glomeruli by 
reabsorption all along the length of tubular subsegments by 
passive as well as active transport mechanisms (122). The 
transport of Na is considered to be the major work function 
of the kidney (21,22,23), because the transport of water, 
+ 
other ions and various solutes depends on Na transport (21-
+ 
23). The transport of Na and in extension many other ions 
and solutes require an expenditure of energy (31). This 
energy is known to be supplied by various metabolic 
activities of the kidney cells (30), A direct relation 
+ 
between the transport of Na and energy yielding metabolic 
reactions concomittent with oxygen-tension (PO2) in various 
kidney tissue zones or cell has been demonstrated (32-37). 
The proximal tubule of the renal cortex has been shown 
to be the major nephron site where majority of ions and 
solutes including Na are reabsorbed (1-4,16,17). The 
luminal brush border membrane (BBM) of the proximal tubules 
is the primary transporting site (11) where the transports 
are also regulated under various physiologic, pathophysio-
logic and pharmacologic conditions (1,17,19,25,26). 
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It IS well known that newborn kidney in animals and 
humans is immature . with respect to its structure and 
functions (6,8,9,11,63-66) and matures during postnatal 
development and growth (9,10). It is believed that the 
kidney develops by centrifugal pattern and that is based on 
the process of renal embroyogenesis which itself follows the 
centrifugal pattern (10). The proximal tubular cells, their 
organelles and the plasma membranes are also found to be 
immature or less developed in the newborn kidney (63,68-73). 
Numerous morphologic, histologic, clearance and other 
studies supported the above view as has been detailed m the 
"Introduction" (11,62-66,68-75). The nephron maturity 
increases as a function of increased postnatal age (62-65). 
However, it was stated that maturation of the nephrons also 
depends on the location of the nephrons (11). According to 
Evan et al (11) it takes about 25-30 days for the tubules of 
the inner cortex and 48 days for those in the outer cortex 
to reach the maturity (11). While, Welling and Linshaw (10) 
suggested that proximal tubules of different locations might 
not mature at a rate parallel to their advancing age but 
primarily all of them first reach to a moderate level of 
maturity and then they attain adult levels of maturity at 
the same time simultaneously. 
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In view of the above, rats of such ages were chosen in 
the present studies so that either of the two hypotheses can 
be testified. Thus rats of 8-10 d & 15-20 d (newborn), 35-40 
d & 55-60 d (young-growing) and 90-120 d (adults) old 
entered simultaneously in most of the experiments unless 
otherwise mentioned. In general, the body, kidney, cortex 
and medullary tissue weights of rats increased progressively 
but not linearly parallel to the advancing age of the rats 
(Table 1). Maximum increase in the body weight and the 
kidney weight was observed between 15-40 d of age. The 
weight of the kidney and that of the cortical tissues per 
rat was found to be increased in the similar fashion. 
However, the ratio of kidney weight/body weight was much 
greater m 15-20 d old rats than m other age groups of 
rats. These observations indicate that most of the nephrons 
were already generated uptil this age. Further, the addition 
of renal mass after this age might be due to maturational 
changes occurmg during the development and growth. 
The existence of the major biosynthetic and catabolic 
pathways of intermediary metabolism especially for 
carbohydrates in the mature (adult) mammalian kidney has 
been known a longtime (32,34). However, the enzyme 
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activities of the above pathways were not studied in detail 
during development and growth except those of few reports 
(90-94) in which few enzymes were studied both in the kidney 
and the liver (90-94). It is known in the adults that the 
glycolysis preferably occurs in the medulla or papilla 
(38,40-42,82) while oxidative metabolism (e.g. TCA cycle) is 
more prevalent in the cortex (55,83). In the present study 
the activities of several metabolic enzymes were 
simultaneously determined in the horoogenates of cortex and 
medulla in rats of different age groups from newborn to 
adults. The above enzymes were compared with the liver 
enzymes during the development and growth for an insight of 
metabolic functions of different kidney tissues. As 
described in the results (Table 2-8; Fig. 2-8) the activity 
of LDH was clearly several folds higher in the liver 
compared to the kidney tissues. In the kidney, the activity 
was slightly to moderately higher in the medulla than in the 
cortex. The developmental and the maturational pattern was 
clearly different between the kidney tissues and the liver 
(Table 2; Fig. 2). The activity of LDH was much higher in 
the newborn liver compared to other older rats and there was 
a progressive decline with the increasing age of^^t^f^ ~-£^^^ -
In contrast to the liver the activity of the^^l^^me was IdV^ 
f I' ' \ 
•^r}, I' / 7C.^' ;s 
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in the newborn cortex and medulla (8-10 d) compared to 
growing rats (35-40 d ) . However, in the adults the activity 
was about the same to that of the newborn rats. The changes 
due to increasing age were less prominent m the cortex 
while they were more prominent in the medulla. Maximum 
activity was observed both m the cortex and m the medulla 
m 35-40 d rats (Table 2). These observations however were 
in agreement with the previously published results both for 
adults (55,141) and newborn rats (90). Above results suggest 
the occurance of the glycolysis at a higher rate in the 
liver than in the kidney and in the kidney, it appeared to 
be more profound m the medulla than in the cortex as can be 
seen by the LDH activity m these tissues. 
A differential maturation pattern was observed for MDH 
and SDH (TCA enzymes) both in the liver and in the kidney 
during the development and growth (Table 3, 4; Fig. 3,4). 
Similar to LDH, the activity of MDH was much higher m the 
liver than in the kidney tissues m the newborn rats (8-10 
d). The activity of MDH m the liver declined with advancing 
age of the rats and which was least in the adult rats (Table 
3; Fig. 3). The opposite was the case of SDH activity in the 
liver (Table 4) where it was highest in. the adults» However, 
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in the kidney tissues, MDH activity was minimum in the 
newborn (8-10 d) rats and significantly increased both in 
the cortex and in the medulla in age-dependent manner. The 
activity of MDH was apparently greater m the cortex than in 
the medulla while the change m the activity was more 
apparent in the cortex at early age (15-20 d) but at later 
age (35-40 d) in the medulla. However, the activity of MDH 
was similarly higher both in the cortex and the medulla m 
rats of growing age (35-40 d). In adults the activity was 
much higher in the cortex compared to both the medulla and 
the liver. Although SDH activity showed distinct 
maturational pattern in the cortex, medulla and liver, it 
was increased initially in the cortex, continued to rise in 
the medulla and the liver with advancing age. This 
might relate more with the mitochondrial density than 
oxidative capacity as indicated by Schmidt and Guder 
(55).These studies are also m agreement with the fact that 
oxidative metabolism (TCA cycle enzymes) is relatively 
higher in the cortex than in the medulla as reported earlier 
for the adults (55,83) and goes well with the higher PO2 
(51,54) and higher production,utilization of ATP as energy 
source for several kidney functions (32-37). 
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In the kidney glucose is also known to oxidize although 
to lesser extent via HMP-shunt pathway (38,82). The activity 
of G6PDH (Table 7; Fig. 7), a representative of the above 
pathway was also determined together with another enzyme, 
the malic enzyme (Table 8; Fig. 8) in rats during 
development and the growth. Both the enzymes are of 
biosynthetic importance as they generate NADPH to be 
utilized especially in the lipid biosynthesis (87,88) 
and also in the renal drug metabolism (141). In contrast to 
LDH, MDH and FDPase and G6Pase (to be discussed later), the 
activity of both G6PDH and ME was higher in the cortex as 
well as in the medulla in newborn rats while it was low in 
the liver of above rats (but not from adult liver). The 
activity of both the enzymes rather declined with the 
increase in the age of rats both in the cortex and m the 
medulla evidently at different rates and reached to the 
minimum in the adult rats. Apparently the activity of G6PDH 
was relatively higher in the cortex than in the medulla in 
all age groups of rats except in adults. In contrast the 
activity of ME was higher in the medulla than in the cortex 
in newborn and young-growing rats except m adults. The 
decrease in the activity was also different m the cortex 
and medulla for G6PDH and ME as well. The activity of G6PDH 
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declined rapidly in the cortex while ME declined to greater 
extent in the medulla. Unlike kidney, the activity of both 
the enzymes m the liver, increased with advancing age and 
reached to the maximum in 35-40 d rats then lowered in the 
adult rats. Higher activities of these enzymes suggest 
greater role to supply large amount of NADPH required during 
the early growth phase to support the biosynthetic activity 
during the development and maturation of the membrane 
components. The activities of these enzymes have been 
reported in all renal tissues or nephronal subsegments m 
the adults (141) . 
The kidney is also known to produce glucose by 
gluconeogenesis both m the adults (56,57,85) as well as in 
young-growing rats (90-94). The activities of both GGPase 
and FDPase were much higher in the cortex compared to 
medulla m all age groups of rats including adults (Table 5, 
6; Fig. 5,6). The activity of G6Pase was very low in the 
newborn (8-10 d) rats both in the cortex and medulla while 
it was relatively higher in the liver (Table 6). The 
activity of G6Pase increased with increasing age similar to 
LDH and MDH, however differentially in the cortex and 
medulla. Massive increase in the cortex was observed in the 
82 
early age (15-20 d vs 8-10 d), while m the medulla showed a 
100% increase m 15-20 d compared to 8-10 d and then 412% in 
35-40 d compared to 15-20 d rats. It was lowered m the 
adults. 
There was a moderate decline of FDPase activity from 
newborn to adults during the growth. Maturational pattern of 
FDPase (Table 5) was quite different from that of G6Pase 
(Table 6). Although FDPase activity was higher in the cortex 
compared to medulla, the activity increased in the cortex in 
the first phase of maturation but in the medulla increased 
m the second phase. In the liver, the activity of FDPase 
declined throughout the growth period similar to GbPase. The 
results nonetheless suggest that the activity of 
gluconeogenesis by the kidney was much lower m the newborn 
then it has got activated to several folds during the growth 
phase. In the liver, however, the opposite was true. 
Further, gluconeogenesis was much higher in the cortex than 
m the medulla as has been shown in the adult rats where it 
is exclusively present m the proximal tubules (56,57,85). 
Age dependent increase in the activity of G6Pase has been 
reported earlier m the renal cortex (94). There are 
conflicting reports about gluconeogenesis during the 
83 
development in the liver (90,91). Nevertheless the results 
of the present studies clearly indicate a differential 
maturation of GGPase and FDPase both in the kidney and in 
the liver. 
(b) Enzymes of brush border and other organells (e.g. 
lysosomes) : 
The role of brush border enzymes is not very well 
understood except that they may be involved in the splitting 
of peptides, polysaccharides and other molecules to 
reabsorbable fragments besides they were also directly and 
indirectly implicated m the transport of certain solutes 
such as AlkPase in the Pi and GGTase/LAP in the amino acid 
transports (122,135,143,144). Acid phosphatase on the other 
hand can provide the information regarding lysosomal 
activity m the cell (145). Nevertheless the above enzymes 
can help in enhancing the knowledge regarding the 
maturational development of proximal tubule cells in general 
and/or its components including BBM or lysosomes in 
particular. Under the similar experimental conditions, as 
for the carbohydrate metabolic enzymes, the activity of 
AlkPase agreeably higher in the kidney tissues than m the 
liver. The activity was found to be increased in the age 
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dependent manner both in the cortex and medulla. However, it 
declined in the liver with increasing age (Table 9). In 
adults AlkPase activity was lower than those of the growing 
rats. The results are in agreement at least qualitatively 
and in the directionality with the previous reports 
(98,100). The activity of acid phosphatase (APase) also 
similarly increased both in the cortex and medulla with 
advancing age however, to greater extent in the cortex 
(Table 10). This indicates that lysosomes develop and mature 
m the age dependent manner as has been demonstrated by 
morphologic/histologic studies (63). 
RESULTS AM> DISCUSSION 
(PART-II) 
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RESULTS-II 
STDDIES ON MARKER ENZYMES OF BRDSH BORDER MEMBRANE (BBMVB) 
DDRING DEVELOPMENT AND GROWTH. 
The activities of alkaline phosphatase (AlkPase), T-
glutamyl transpeptidase (GGTase) and leucine aminopeptidase 
(LAP) were determined both m the cortical homogenate (CH) 
and in the BBMV isolated from renal cortex of newborn (15-20 
d), young-growmg (35-40 d & 55-60 d) and adult (90-120 d) 
rats to examine the developmental and maturational pattern 
of proximal tubules vis-a-vis its BBM for which these are 
the marker enzymes and the results are summarized m Tables 
11-15 (Fig. 9, 10). The activity of each enzyme determined 
was always several folds higher m BBMV(s) preparations 
compared to the activities observed in their respective CH 
m all age-groups of rats. This enrichment of the enzyme 
activities m the BBMV(s) compared to CH showed relative 
degree of purity of the BBMV(s) preparations (Table 11-13). 
The specific activity of AlkPase in CH was found to be 
significantly higher (+146%) m 35-40 d rats compared to 15-
20 d rats (Table 11). No further increase, however, was 
observed in the enzyme activity in CH thereafter and it was 
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even slightly lowered both in 55-60 d and 90-120 d rats from 
younger rats (Table 11). 
The activity of AlkPase in the BBMV(s) also increased 
profoundly in 35-40 d rats (+194%) compared to 15-20 d rats 
similar to that of CH. However, in contrast to CH, the 
enzyme activity continued to rise sharply (+77%) in the 
BBMV(s) of 55-60 d rats and to a lesser extent (+11%) also 
in 90-120 d rats (Table 11) in comparision to respective 
younger groups with advancing age. These results indicate a 
continuous process of development and maturation of AlkPase 
in the BBM of the proximal tubule throughout the postnatal 
life although at a much rapid rate in younger rats (upto 7-8 
week) and relatively at a slower rate in grown up rats. 
The activity pattern of GGTase in CH was very similar 
but not identical to that of AlkPase (Table 12). There was 
a sharp rise (+66%) in 35-40 d rats compared to 15-20 d rats 
and a small decline was observed in 55-60 d rats compared to 
35-40 d rats without any further significant change in adult 
rats (Table 12). The distribution of GGTase activity m the 
BBMV(s) was very different from that of AlkPase (Table 12). 
The activity of the enzyme was higher (+45%) in 35-40 d rats 
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compared to 15-20 d rats. However, it was much higher (62%) 
in 55-60 d rats compared to 35-40 d rats and was further 
increased (+35%) m 90-120 d rats compared to 55-60 d rats 
(Table 12). 
The specific activities of LAP, another BBM enzyme 
showed a pattern very similar to that of GGTase both in CH 
and BBMV(s) (Table 13). Taken together, the results of 
GGTase and LAP activities m BBMV(s) demonstrate that these 
two enzymes follow a similar age dependent pattern of 
development and maturation. This might be due to the 
locations of these two enzymes perhaps in the same 
population of proximal tubules and even in the close 
proximity on the BBM. 
For further characterization of the BBM marker enzymes 
during the postnatal development and maturation, the kinetic 
analysis of AlkPase and LAP was undertaken. The age 
dependent increase m the activity of both AlkPase and LAP 
was largely due to the increase of Vmax rather than of Km 
values (Tables 14, 15; Fig. 9, 10). 
It IS interesting to mention that the changes m Vmax 
values reflects the similar quantum of changes of the 
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TABLE-14 
Kinetic parameters of BBM-Alkaline phosphatase (AlkPase) 
isolated from rat renal cortex. 
-4 
Age of rat Km x 10 Vmax % Change from 
(M) (ymol/mg protein/hr) preceding group 
15-20 d old 8.00 33.33 
35-40 d old 8.30 60.60 + 82 
55-60 d old 9.10 74.07 + 22 
90-120 d old 5.60 60.60 - 18 
Results were obtained from Lineweaver-Burk plot (Fig. 9). 
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TABLE-15 
Kinetic parameters of BBM-L-Leucine aminopeptidase (LAP) 
isolated from rat renal cortex. 
-4 
Age of rat Km x 10 Vmax % Change from 
(M) (ymol/mg protein/hr) preceding group 
15-20 d old 3.43 41.67 
35-40 d o l d 6 .29 4 7 . 6 2 + 14 
55-60 d o l d 4 . 5 3 6 6 . 6 7 + 40 
90-120 d o l d 4 . 0 4 7 0 . 1 8 + 5 
R e s u l t s were o b t a i n e d from L m e w e a v e r - B u r k p l o t ( F i g . 1 0 ) . 
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.30 
C 
o 15-20 d rat 
• 35-40 d rat 
w 55 -60 d rat 
A 90-120 d rat 
1/[S] mM 
Fig. 9: 
Lineweaver-Burk plot of BBM-Alkaline phosphatase 
(AlkPase) isolated from rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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F i g . 10: 
Lineweaver-Burk plot of BBM-Leucine aminopeptidase 
(LAP) isolated from rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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specific activities observed for AlkPase and LAP as 
described earlier in Tables 11, 13. 
Another important observation was that the Vmax value 
for AlkPase in 90-120 d (adult) rats was even less than that 
observed in 55-60 d rats although with a sharp increase m 
the affinity (lower Km values) of the enzyme. The Vmax 
effect further suggests that the number of enzyme molecules 
or active enzyme molecules per mg of membrane protein were 
progressively increased during postnatal growth and 
maturation at least upto the age of 55-60 days (e.g. for 
AlkPase). 
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DISCDSSION-II 
The maturational development of the BBM enzymes was 
further studied both in the cortical homogenates (CH) and in 
the BBMV(s) isolated from different age groups of rats. The 
results indicate that the activities of AlkPase, GGTase and 
LAP were all quite low in the newborn rats (15-20 d) both in 
CH and in BBMV<s> (Table 11-13). In the cortical homogenate 
(CH) the maximum increase m the activities of the above 
enzymes was observed in 35-40 d rats compared to 15-20 d 
rats. In higher age groups of rats the activities have 
increased slowly or did not change significantly and even 
lowered in the adult rats. This indicates that the enzymes 
were almost fully expressed in the homogenates of the rats 
upto 40 d of postnatal life. The activities of the above 
enzymes in the BBMV(s) were several folds higher compared to 
respective homogenate values indicating a relative degree of 
purity (enrichment) of the BBMV preparations (Table 11-13). 
The maturational pattern of the BBM enzymes was quite 
different m the BBMV(s) than those in the homogenates. 
Further, the maturational pattern of AlkPase was different 
from those of GGTase and LAP. However, the activity profiles 
of GGTase and LAP were very similar (Table 12-13). The 
97 
activity of AlkPase in BBMV(s) increased in the age 
dependent manner although differentially. Massive increase 
(+194%) was observed in 35-40 d compared to 15-20 d rats 
(Table 11). The activity of AlkPase was further increased, 
however, relatively to a lesser extent (+77%) in higher age 
groups of rats (55-60 d vs 35-40 d). 
In contrast to AlkPase, the maturational patterns of 
GGTase and LAP were different although the activity of both 
the enzymes increased in the age dependent manner but not in 
the same way (Table 12, 13) at different stages of 
maturation. More enzymes were expressed in 55-60 d compared 
to 35-40 d rats and m 35-40 d compared to 15-20 d rats. The 
differences m the distribution of the activities of 
AlkPase, GGTase and LAP can be ascribed due to their 
belonging to the different populations of the proximal 
tubules (10) and their distinct morphologic maturation. The 
activity of AlkPase, while distributed evenly in different 
subsegments of the proximal tubules e.g. of superficial 
nephrons, the activities of GGTase and LAP were profoundly 
present m the deep proximal tubules especially in pars 
recta (142). It is possible that the enzymes m the 
]uxtamedullary proximal tubule matures m the first stage 
98 
upto 35 d age and matures afterwards in the superficial 
proximal tubule in the latter stage. This may go very well 
with the proposition of Evan et al based on morphological 
studies that the proximal tubules of juxtamedullary cortex 
matures at around 28 d while those of superficial cortex 
matures at around 48 d of postnatal age (11). This is 
further supported by the kinetic analysis of the enzyme 
activities (Table 14, 15) which shows that the increase in 
the enzyme activities were largely due to the increase in 
the number of active enzyme molecules (the Vmax effect). The 
activities of BBM enzymes were found to be increased in the 
age-dependent manner m some of the previous studies (98-
101) similar to the observations of the present studies at 
least qualitatively or in the directionality (98-101). 
However, such prominent and clear differences were not 
reported. The reason for this can be attributed to that the 
earlier reports were based on the comparison made between 
either 36 hr and adults or 14 d vs 21 d (98,100) or 2 
months vs 8 months rats (104). 
RDSUIiTS AND DISCUSSIOIV 
(PART-III) 
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RESDLTS-III 
STDDIES ON THE TRANSPORT PROPERTIES OF THE RENAL CORTICAL 
BBMV DURING DEVELOPMENT AND GROWTH. 
BBMV(s) were isolated from newborn (15-20 d), young-
growing (35-40 and 55-60 d) and adult (90-120 d) rats and 
32 3 3 
the transports of Pi, L-l Hl-proline and D-l Hl-glucose 
were determined in the presence (NaCl in the incubation 
medium) and absence (KCl in the incubation medium) of the 
+ + + 
Na -concentrative gradient (Na ^ > Ha ^). 
32 The uptake of Pi in the presence of a Na-gradient 
showed a typical uphill transport pattern as shown in the 
32 
time-course (Table 16; Fig. 11). The initial uptake of Pi 
increased proportionally with respect to the elapsed time of 
incubation (5s-40s) and then declined toward equilibrium 
determined after 120 min of incubation. Although the pattern 
of the uptake was similar in newborn, young-growing and 
adult rats, but the rate of the uptake of ^^Pi was different 
in various age groups of rats. The initial uptake in the 
presence of Na-gradient was quite low in newborn rats at all 
initial time points compared to young-growmg and adult 
rats. 
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Fig. 11 : 
Time course of Na-gradient dependent -^ p^j^  uptake by 
BBMV{s) of rat renal cortex. 
Results are Mean + SEM of 3 separate experiments. 
a 
Significantly different at p<.05 (or higher degree of 
significance) from 15-20 d old rat. 
b 
Significantly different at p<.02 (or higher degree of 
significance) from the preceding age group. 
102 
The rate of uptake was highest in 35-40 d rats at all 
time points (5s-40s) in the uphil phase, lowered in 55-60 d 
rats and was further lowered in adult rats. The Na-dependent 
32 
uptake of Pi at equilibrium (i.e. 120 min) in various age 
groups of rats however was not significantly different. The 
results indicate that the differences in the uptake were 
more apparent when the uptake was determined at initial time 
point i.e. between 5s-20s compared to the uptake at 40s, at 
which the capacity of the transports appeared to be nearing 
peak values especially in 15-20 d, 55-60 d and adult rats. 
32 
The differences not only in the rate of uptake of Pi in 
different age groups of rats were different but also they 
were different on relative term basis when determined as A% 
(percent overshoot or percent change as a ratio of initial 
versus equilibrium uptake) (Table 16). 
32 
The uptake of Pi in the presence of a K-gradient (K^ 
> K^; NaCl was replaced by KCl in the incubation medium) was 
also determined both at an early time phase (30s) and at 
equilibrium (120 min). As shown m Table 17, the uptake in 
the presence of a K-gradient perse in the absence of Na-
gradient appeared to be much less compared to the uptake 
determined in the presence of Na-gradient (Na^ > Na^) in all 
103 
TABLE-17 
32 
Time course of Pi uptake in the absence of Na-gradient 
(NaCl replaced by KCl) by BBMV(s) of rat renal cortex. 
Age of rat 30 Sec. 120 min. 
15-20 d old 283.74 + 0.51 544.22 + 94.81 
35-40 d old 246.33+27.18 449.66+39.95 
55-60 d old 220.18+35.30 416.13+85.37 
90-120 d old 217.65+24.54 445.36+75.95 
Results (pmol/mg protein) are Mean+SEM of 3 separate 
experiments. 
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age groups. It was not significantly different both at 30s 
as well as 120 min in different preparations of the BBMV(s) 
isolated from rats of different age groups. However, on 
quantum basis the K-dependent uptake at early phase (30s) 
appeared to be 25-30% of the total uptake measured in the 
presence of Na-gradient in 15-20 d compared to other growing 
or adult rats (Table 16, 17) where it appeared to be m 
32 between 10-15%. At the equilibrium period (120 min) the Pi 
uptake in the presence of a KQ > K^^ gradient was about 60% 
than that of a Na^ > Na^ ^ gradient. As noted m most of the 
previous studies complete equilibrium was not achieved m 
32 32 
the transport of Pi (139) i.e. uptake of Pi under two 
conditions (i.e. Na- and K-gradients) never reach to the 
same levels. 
32 3 
In addition to Pi transport, the transports of [ H]-
3 
L-Prolme and I H]-D-glucose were also determined in the 
BBMV(s) isolated from different age groups of rats 
(Tables 18, 19; Fig. 12, 13) in the presence of Na-gradient. 
The results indicate that Na-gradient dependent transports 
of both L-Prolme and D-glucose at 20s were much lower in 
15-20 d rats compared to other rats. The uptake was 
significantly higher m 35-40 d rats compared to younger 
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Fig . 12; 
Time course of Na-gradient dependent •^H-L-Proline 
uptake by BBMV(s) of rat renal cortex. 
Results are Mean ± SEM of 3 separate experiments 
{n=3). For 15-20 d old rat n=2. 
Significantly different at p<.05 (or higher degree 
of significance) from 15-20 d old rat. 
Significantly different at p<.05 (or higher degree 
of significance) from 35-40 d old rat. 
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2 0 0 
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Fig. 13: 
•1 
Time course of Na-gradient dependent H-D-Glucose 
uptake by BBMV(s) of rat renal cortex. 
Results are Mean + SEM of 3 separate experiments. 
Significantly different at p<.05 (or higher 
degree of significance) from 15-20 d old rat. 
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rats both of proline (+ 149%) and to much greater extent of 
glucose (+ 533%). Similar to Pi transport the transports of 
both L-prolme and D-glucose were lowered in 55-60 d and in 
adult rats. The Na-dependent transport of proline at 120 
m m , however, was significantly not different in various 
groups of rats (Table 18; Fig. 12). It was also not 
significantly different for glucose except m 15-20 d rats 
(may be due to greater utilization of glucose at this age). 
Similar uptake of both proline and glucose suggests that the 
size of BBM vesicles prepared from different age groups of 
rats was same as reported earlier for adult rats (97) and 
therefore may not account for the age dependent differences 
in the uptakes observed. 
Characterization of Pi and/or glucose transport during the 
development and maturation. 
(a) As a function of Pi concentration (Kinetic analysis). 
Kinetic analysis of Na-dependent Pi transport by Line 
Weaver-Burk plot m different age groups of rats revealed 
that the maximum rates of the uptake (Vmax) were 
significantly different in rats of different ages. The Kri) 
values were also different but not to the same extent. Vmax 
for Na-dependent Pi transport was significantly lev, xn 15-20 
110 
d old rats with maximum Km value compared to higher age 
groups of rats. A relatively high Vmax with a moderate Km 
was obtained in 35-40 d old rats. However, both the Vmax and 
the Km were lowered both m 55-60 d and adult rats (Table 
20; Fig. 14). The present results suggest that relatively a 
low capacity and also a low affinity Pi transport system was 
operating m newborn (15-20 d) rats, while a high capacity 
and relatively a high affinity Pi transport system was 
present in 35-40 d old rats. 
(b) Pi and glucose transport as a function of extra-
+ 
vesicular Na concentrations. 
+ + 
The effect of extra vesicular Na ((Na Q ] ) on the 
32 ^ 
uptake of Pi and ( H]-D-glucose was determined in BBMV(s) 
of 15-20 d, 36-40 d and 55-bO d rats to study the properties 
of above transport systems during the development and the 
growth. The tran&ptjrts v,ere determined at varying 
+ 
concentrations of Na (e.g. 20, 40, 60 and 100 mM) in the 
extravesicular media. The total osmolality and molar 
concentration of Cl m the media was held constant (300 mOs 
and 100 mM) by appropriate additions of choline chloride 
(ChCl) as reported by Szczepanska-Konkel et al (128). The 
32 
transport of Pi was also determined when 100 mM NaCl was 
Ill 
TABLE-20 
32 
Kinetic parameters of Na-gradient dependent Pi 
uptake by BBMV(s) of rat renal cortex. 
-4 
Age of rat Vmax Km x 10 
(pmol/mg protein/lOs) (M) 
15-20 d old 2105.26 3.07 
35-40 d old 3333.33 2.22 
55-60 d old 2857.14 2.00 
90-120 d old 2500.00 1.73 
Results were obtained from Lineweaver-Burk plot of (Fig.14). 
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F i g . 14; 
Lineweaver-Burk plot of Na-gradient dependent 
P^ uptake as a function of phosphate concen-
tration by BBMV{s) of rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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replaced either by 100 mM choline chloride or by 100 mM 
mannitol m the media. The transports of Pi or glucose was 
measured m the initial uphill phase. 
32 
As shown in Table 21, the rate of Pi transport 
+ + 
increased steadily with increasing (Na ^ > Na j^) gradient 
+ 
upto 100 mM Na concentrations in the media m the BBMV(s) 
32 
of all groups of rats. However, the uptake of Pi was 
always higher at all the Na-gradients in 35-40 d rats than 
m 15-20 d or 55-60 d rats. The graphic analysis of the 
32 + 
relationship between Pi uptake and [Na Q] showed a 
sigmoidal curve suggesting the interaction of more than one 
+ ^ 32 
Na ion. This also revealed that trarisport of Pi was 
+ 
increased as a function of increasing [Na QJ with a lag and 
not linearly (Fig. 15). A Hill plot transformation of the 
data (Fig. 15, insets A, B, C) yielded a straight line and 
+ 
the calculated [ Na Q^O.S "^^ ^ 50.11, 79.43 and 56.23 mM for 
15-20 d, 35-40 d and 55-60 d rats respectively and the n 
value was around 1.7 for all groups (Table 22), perhaps 
+ 
suggesting that 2Na were involved similarly irrespective of 
the age of the rats. This is in agreement with the previous 
findings for Pi transport. 
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TABLE-22 
32 
Kinetic parameters of Na-dependent Pi uptake as a function 
of an external Na concentration ([Na Q ] ) by BBMV{s) 
of rat renal cortex determined by Hill's plot. 
Age of rat [ S ] Q . 5 inM n 
15-20 d old 50.11 1.71 
35-40 d old 79.43 1.71 
55-60 d old 56.23 1.75 
Table shows results of representative experiment (Fig. 15). 
L^]o.5 = Sodium concentration for half-maximal transport of 
'Pi. 
n = Hil1-Coefficient. 
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The uptake of 32Pi determined in the presence of 100 mM 
choline chloride or 100 mM mannitol showed clear preference 
+ 
for the [Na ] and uptake in both the situations was not 
significantly different between 15-20 d and 35-40 d rats 
(Table 23). 
+ 
Under similar extra vesicular Na concentrations 
+ 3 
[Na Q ] , the uptake of I H]-D-glucose also showed that the 
rate of the transport of glucose increased steadily with 
+ 
increasing [Na Q ] (Table 24; Fig. 16). Evidently the uptake 
+ 
was greater in 35-40 d rats at all [Na Q] determined. The 
increase was due to the changes in both the Vmax and Km 
values (Table 25; Fig. 16). The uptake of glucose was much 
less when NaCl was replaced by choline chloride or mannitol 
in the media and was significantly not different among the 
rats of different age groups (Table 26). 
32 3 + + 
(c) Transport of Pi and [ H]-D-glucose under (Na ^ > Na j) 
+ + 
gradient and (Na Q = Na j^) non-gradient conditions. 
To further understand the transport properties during 
the development-and growth, the effect of Na upon Pi and 
+ 
glucose transports were determined when Na either located 
only on (i) the outer (luminal) side of BBM in the 
+ + 
extravesicular space (Na ^ > Na ^), and (ii) in equilibrium 
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Fig. 16; 
Lineweaver-Burk plot of Na- gradient dependent 
^H-D-Glucose uptake as a function of an external 
Na"*" concentration ([NaQ]) by BBMV(s) of rat renal 
cortex. 
Curve was drawn with the mean value of 2 
separate experiments (Table 24). 
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+ + 
on both sides of BBM (Na Q = Na j^) . 
Freshly prepared 10 yl of BBMV(s) in buffered 300 mM 
mannitol (MTH) from different age groups of rats were first 
pre-equilibrated by a 2 hr preincubation in the media always 
of the same final osmolality (300 mos) with 100 mM NaCl 
+ + + + 
(Na Q = Na j^) or without Na (100 mM choline chloride) (Na ^ 
+ 32 3 
> Na 3^) xn the mixture. The uptake of Pi and H-D-glucose 
was determined for 20s and 15s respectively by adding the 
+ 
media containing 100 mM NaCl as extravesicular Na Q in the 
final transport media as described in the "Methods". 
32 
The results showed that the uptake of Pi was always 
+ 
higher in all the rats although differentially when Na only 
+ + 
had a gradient (Na ^ > Na j^) compared to when NaCl was 
present in the same concentrations (non-Na-gradient) at both 
+ + 32 
sides of BBMV(s) (Na ^ = Na ^^ ) (Table 27). The rates of Pi 
uptake were different in 15-20 d, 35-40 d and 55-60 d rats 
+ + 
only when a Na Q > Na J^  gradient is maintained and they were 
not significantly different when the Na-gradient was 
+ + 
abolished i.e. at Na ^ = Na j_ and the rate of the uptake of 
32 
Pi was comparatively quite low. Merely the presence of the 
+ 
Na do not warrant the higher uptake rate by the BBMV(s). 
124 
r* CN 
1 
u i J 
ffl 
< 
H 
4-> 
c 
i) 
•<-{ 
TS 
ID 
U 
CT 
•H 
+ 
(T! 
1-^ 
• H 
Z + 
^ (U • 0 Z x 
+ (T! 
II i) 
O+J 
Z + iH 
• — ' 
> 4 - l 
0 
Q) 
0 
C 
0 
m 0) 
u 
a 
0) 
X 
j j 
c 
H 
4-) 
X^  
0 
Du 
EC 
C 
03 
u 
4-) 
1 
0 
u 
1 
(T5 0 
z u 
^ 
-—I 
4) m 
4J C 
(T3 0) 
4J U 
m 
-I-) 
T3 fC 
dJ l-i 
4J 
(T! »W 
^ 0 
J2 
—1 CO 
• H >^ 
3 > 
a> CQ 
CQ 
c H >-, 
J2 
T3 
C 
fC 
0) 
tr 
c T) 
. f i 
u 
*» 
1 
0) 
0 
0) 
U 
Ou 
B 0 
04 
3 
0 
In 
CJl 
CP 
c 
• H 
I 
C r-^ 
0 H 
c+ 
^ z 
a; II 
73 O 
C+ 
3 05 
Z 
0) ^ 
(0 4J 
4-) C 
3 H 
• H fO 
Cu U 
( N tyi 
OJ 
CT> 
c 
0) 
J= 
u 
o\° 
T! 
dJ 
U 
(1) 
Ui 
a 
E 0 
u 
14-1 
a 3 
0 
u 
cr> 
CP 
c 
H 
U 
QJ 
T ! 
(TJ 
z 
^\ 0 
C + 
3 
a jmj 
<TJ 
4-) 
0* 
3 
H 
a ( N 
m 
-t 
(C 
z w ^ 
4-> 
c (U 
• H 
T3 
(TJ 
^ 
cn 1 
(TJ 
z 
4-1 
in 
0) 
< 
ON 
i n 
I 
vo 
<N 
• V£> 
^ 
+1 
r-H 
O i 
• 
^ 
i n 
»-i 
vo 
• i n 
<N 
4-1 
rH 
VO 
• f-H 
VO 
^ 
CN 
• O 
^ 
+1 
r> ( N 
• CN 
i n 
0> 
vO 
<T\ 
f - t 
• 00 
( N 
' f l 
r^ 
00 
• 00 
• t 
( N 
fC 
i n 
CO 
• t 
« t 
• I 
VO 
00 
• 
o 
i n 
CO 
XJ 
(C 
t H 
00 
• i n 
i n 
+1 
00 
i H 
• CN 
O i 
^ 
0 
Tl 
O 
1 
1 
in 
0 
tJ 
o 
1 
1 
in 
T5 
t-4 
0 
TJ 
O 
VO 
1 1 
tn 
in 
• 
CO 
4J 
c (U 
£ 
• H 
X4 
0) 
Q* 
X 
0) 
0} 
4J 
(0 
U 
m 
a OJ 
CO 
CN 
«4-( 
0 
s 
u CO 
• 1 
c 
ffl 
0) 
z 
0) 
h 
(0 
—» 
u 0) 
00 
o 
( N 
^ 
c 
• H 
0) 
+J 
0 
>4 
cu 
CTi 
E 
^^  
•—1 
0 
E 
a 
>^  
OQ 
4-) 
•—( 
3 
CD 
i) 
cc 
4-> 
TJ 
L I 
-o 
r H 
0 
73 
o 
(N 
1 1 
i n 
f H 
£ 
0 
Vi 
I H 
»^ 
<u 
o 
c 
m 
u 
• H 
m 
• H 
c O) 
• H 
CO 
I W 
0 
<u 
<u 
u 
CP 
0) 
T3 
>-i 
0) 
£ 
XJ> 
• H 
^ 
S^  
0 
•-m^ 
i n 
o 
• 
V 
Ou 
4J 
fl 
4J 
c 0) 
)H 
OJ 
14-4 
I4 - * 
• i - l 
T3 
> i 
x H 
4J 
c fl 
u 
• H 
14-4 
H 
c 
en H 
Cfl 
fl 
+J 
fl 
L* 
13 
r H 
0 
T5 
O 
1 
1 
i n 
ro 
E 
0 
u 
* H 
~^ (U 
V 
c fl 
0 
• H 
M-l 
• H 
c 0^ 
• H 
CO 
S-l 
0 
0) 
<D 
U 
cr> OJ 
-o 
L< 
d) 
s: 
u> 
• H 
J= 
>-l 
0 
^ 
i n 
o 
• 
s^ 
a 
4-) 
fl 
4J 
c 0) 
L< 
0) 
'4-1 
M-l 
• H 
T) 
> i 
•—t 
4J 
c 
fl 
u 
• H 
«M 
• H 
c 
o> 
• H 
CO 
J2 
125 
This can further be supported by the uptake observed in the 
presence of choline chloride or only mannitol in the 
transporting media as described in the previous section 
(Table 23). 
3 
Similar results were obtained for the transport of H-
D-glucose under Na-gradient and non-gradient conditions 
(Table 28). The results indicate that higher transport of 
+ + 
glucose was observed in the presence of Na Q > Na j^  gradient 
but differentially during postnatal development and growth. 
+ 
However, the presence of [Na Q] increases the rate of uptake 
32 3 
of Pi and H-D-glucose compared to when it was not at all 
present in the media as obtained in the presence of KCl, or 
ChCl or mannitol in the media (Table 17, 23, 26). 
d) Effect of specific inhibitors of Pi transport on Na-
dependent Pi-transport. 
+ + 
The uptake of Na-gradient (Na ^ > Na j^) in the absence 
(controls) and the presence of either 1 mM phosphonoformic 
acid (PFA) or 2 mM sodium arsenate (ASO4) was determined m 
BBMV(s) isolated from newborn (15-20 d), young-growing (35-
40 d & 55-60 d) and adult (90-120 d) rats to study the 
properties of the Pi transport during the development and 
growth. 
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As shown m Table 29, the uptake of 32Pi was 
specifically inhibited both by PFA and ASO4 by more than 
50%. The effect of PFA on the uptake was similarly observed 
in different rats, however, percent inhibition by 2 mM ASO4 
was relatively less in 15-20 d rats (54%) compared to 35-40 
d (69%) or adult (72%) rats. Kinetic analysis revealed that 
the effect of both PFA and ASO4 was due to increase in the 
Km values and the Vmax values remained unchanged by PFA or 
ASO4 (Table 30; Fig. 17-22). The results further indicate 
that Km values m the presence of PFA or ASO4 were much 
higher in newborn (15-20 d) rats compared to young-growing 
and adult rats. This suggests a differential interacting 
properties of the inhibitors with Pi transporter during the 
development and growth. 
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Fig. 17! 
Lineweaver-Burk plot of Na- gradient dependent 
P£ uptake as a function of phosphate concent-
ration in the presence of ImM PFA by BBMV(s) of 
rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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Fig. 18: 
Lmeweaver-Burk plot of Na-gradient dependent ''^ p. 
uptake as a function of phosphate concentration in 
the presence of 2mM ASO4 by BBMV(s) of rat renal 
cortex. 
Curve was drav^ n with the mean value of 2 separate 
experiments. 
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Fig. 19; 
Lineweaver-Burk plot of Na- gradient dependent -^ P^-
uptake as a function of phosphate concentration in 
the absence (Control) and presence of ImM PFA and 
2mM ASO4 by BBMV(s) of 15-20 d rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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Fig. 20! 
Lineweaver-Burk plot of Na-gradient dependent ^ ^p-
uptake as a function of phosphate concentration in 
the absence (Control) and presence of ImM PFA and 
2inM ASO4 by BBMV(s) of 35-40 d rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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Fig. 21; 
Lineweaver-Burk plot of Na - gradient dependent ^P-
uptake as a function of phosphate concentration in 
the absence (Control) and presence of ImM PFA and 
2niM AsO^ by BBMV{s) of 55-60 d rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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Fig. 22! 
Lineweaver-Burk plot of Na-gradient dependent -"^ P^  
uptake as a function of phosphate concentration in 
the absence (Control) and presence of ImM PFA and 
2mM ASO4 by BBMV(s) of 90-120 d rat renal cortex. 
Curve was drawn with the mean value of 2 separate 
experiments. 
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DISCUSSION-III 
The maintenance of a positive balance for a variety of 
substances including nutrients and minerals is an important 
process during the growth, which is dependent on intake, 
intestinal absorption and most importantly on the ability of 
the kidney to reclaim them passing through the glomerular 
capillary filter. Repeated attempts have been made over the 
last few decades to unravel the mechanism by which the 
kidney of the growing animals and humans preserve the 
positive external balance of several nutrients and 
especially of phosphate (Pi) required not only in the growth 
of bones but also as a constituent of soft tissues of the 
body as well as in the supply of energy. Several studies on 
the postnatal ontogeny of substrate transport by using 
variety of techniques have suggested that most of the 
transport systems are not fully developed at birth 
(5,9,12,58,98,104). It has been reported by whole body 
clearance studies or by tubular events that Pi transport in 
newborn and growing animals and humans are greater compared 
to adults. It has been also suggested that the use of brush 
border membrane vesicles (BBMV) of renal cortex technique in 
the newborn animal could be useful in allowing a direct 
137 
approach to study transport properties of the kidney which 
undergoes changing during development (12,98,99,104). Only 
limited studies were carried out using BBMV techniques 
especially for Pi transport in newborns (98,104). BBMV 
transport of Pi were found not to be different in 2 months 
(young) and 8 months old rats (104). However, a small 
difference was observed between 14 d and 21 d rats but only 
m Pi transport and not m glucose and valine transport 
+ + 
(98). Recent studies have indicated that Na -H activity 
also enhances during the postnatal growth (12) similar to 
Na -coupled transport of glucose (99) amino acids (112,113) 
and Pi (98,104) with increasing age and thus suggests that 
luminal membrane (BBMV) related events play a role in the 
maturation of solute reabsorption in the proximal tubule. 
The present studies were carefully designed and carried 
out to gain an insight into the mechanism involved in 
solutes transport across the BBMV of renal proximal tubule 
during development and maturation which is the main limiting 
step in the regulation of tubular transport especially of Pi 
(146-148). In the present studies rats of 15-20 d, 35-40 d, 
55-60 d and 90-120 d of age were used for experiments to 
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have a clear idea regarding kidney's functions during the 
growth. 
Results indicate that the time course of Na-gradient 
+ + 
(Na Q > Na 3^) dependent transport of Pi was qualitatively 
comparable in newborn, young-growing and adult rats (Fig. 
11) m the same experimental conditions and was also 
comparable to other studies (98,104). The identical 
equilibrium values indicate that the intra-vesicular volumes 
were the same in all cases. The overshoot phenomenon was 
also present which was disappeared when membrane were 
incubated m a solution in which sodium was replaced by 
potassium, indicating a sodium dependency of the Pi tansport 
m the newborn and young rats similar to that of the adults. 
However, the rates of Na-dependent uptake of Pi were 
different in newborn, young-growing and adult rats (Table 
16; Fig. 11). Membranes isolated from 15-20 d rats showed a 
lower initial rate of Pi uptake than vesicles isolated from 
other rats. The uptake of Pi changed in an age dependent 
manner. The maximum uptake of Pi was observed m 35-40 d 
rats then it was lowered in 55-60 d rats and was further 
lowered in the adult rats where it was very close to the 
values observed in 15-20 d rats. Similar results were 
139 
obtained for L-proline and D-glucose transports (Tables 18-
19; Fig. 12, 13). The transports were evidently Na-gradient 
dependent in all age groups of rats and the equilibrium 
uptake was also similar. The differences in the uptakes of 
Pi, D-glucose and L-proline appeared to be due to the 
differences in the intrinsic transport systems and not due 
to the differences m permeability or mtra-vesicular 
volumes of BBMV(s) as the equilibrium uptake was almost 
identical m all the preparations and the initial 
concentrative uptake was quite low in the newborn despite 
the fact that proximal tubule is immature and quite leaky 
in the newborn rats (10,11,63). The kinetic studies have 
also demonstrated that the increased rates of Pi uptake were 
in accordance with increasing age of the rats (Table 20; 
Fig. 14). These were largely due to the increase m the Vmax 
values and also to some extent by variance in the affinity 
of the transports and suggested the increased expression of 
the effective transporters per unit area of the BBMV(s) with 
the increase m age of the rats, especially in 35-40 d rats 
where the rate of Pi transport was maximum. Vmax and Km were 
lovv m adult rats compared to 35-40 d rats. These results 
are partially in agreement with the previous report where it 
was observed that m 21 d compared to 14 d rats Pi uptake 
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was higher due to higher Vmax and Km was not different in 
the two groups of rats (98). The change in the Km was not 
observed may be because the age of the rats were very close. 
For the same reason most probably the differences m the D-
glucose and L-alanme transports were also not observed in 
these rats. The present findings are in general agreement 
with earlier morphologic observations that the functional 
maturation of the nephron occurs mainly by an increase m 
the volume and mass of the proximal tubule accompanied by a 
parallel increase in the surface of the luminal membrane of 
the epithelial cells (63,76,77,149) and hence in the 
increase of carrier protein molecules per unit membrane 
during the early growth period. 
Several intrinsic as well as extrinsic factors such as 
affinity (Km) and turnover rate (Vmax) of the transport, the 
concentration gradients of both the solutes and the driving 
ion/molecules, and the modulators (inhibitors or 
stimulators) are known to affect the renal handling of Pi 
(9,27,28,58,95). Thus far it is apparent from above findings 
that the transport of Pi or D-glucose were essentially 
+ + 
dependent on the sodium gradient (Na Q "• Na ^^  ) m all age 
groups of rats. Additional experiments were conducted to 
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further characterize the role of Na+ ions in the transport 
of Pi or D-glucose during development and growth. 
When varying concentration of Na ions were present in 
the extra-vesicular than intra-vesicular medium (Na Q > 
+ 
Na j^) , the uptake of Pi increased as a function of increased 
+ + 
Na Q concentrations (Table 21). However, at low [Na Q] the 
uptake was also low then enhanced with a lag in the rats of 
all age groups. Further, the uptake of Pi in 15-20 d, 35-40 
+ 
d and 55-60 d rats at all [Na Q ] was different and still the 
+ + 
uptake was maximum at most tNa Q ] except at low [Na Q] in 
35-40 d rats. Graphic analyses showed that the relationship 
+ 
between the rate of Pi uptake and [Na Q ] was a sigmoidal 
curve in all age groups of rats. This indicates that 
+ 
irrespective of the age of the rats varying [Na Q] enhance 
the Pi uptake may be with a similar mechanism. It is also 
apparent from the graphic presentation (Fig. 15) that while 
+ 
the uptake of Pi at 100 mM [Na Q ] reached near saturation 
both in 15-20 d and 55-60 d rats but in 35-40 d rats it was 
+ 
still in the increasing phase with increasing [Na Q] in the 
incubation medium. Moreover, when the data was analyzed by 
the transformed Hill plot, straight lines were obtained 
+ 
(Fig. 15(A,B,C) insets) and the calculated [Na ]o.5 was 
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50.11, 79.43 and 56.23 mM for 15-20 d, 35-40 d and 55-60 d 
rats respectively. This data also showed the differential 
+ 
involvement of [Na Q ] with the phosphate transporter with 
respect to the age of the rats. However, n values (Hill 
coefficient) which were around 1.7 in all rats indicated 
similar stoichiometry that at least two activator ions (n > 
1) per substrate translocation were involved in the Pi 
transport as has been observed earlier for adult rats (17). 
On the other hand D-glucose transport which was also 
+ 
increased as a function of [Na Q1 in all groups of rats 
(Table 24), the uptake of D-glucose was linearly increased 
+ 
with respect to increased extravesicular Na concentration 
and was also higher in 35-40 d rats than other rats at all 
[Na Q ] . Kinetic analyses by Lineweaver Burk Plot showed a 
higher Vmax in 35-40 d rats and relatively higher Km values 
(Table 25). Similar characteristics of D-glucose transport 
was shown in the BBM isolated from outer cortex (150). 
In further characterization of the role of sodium ions 
in the transports of Pi and D-glucose during development and 
growth, the uptake of Pi was observed to be higher m all 
age groups of rats although differentially only when there 
+ + 
was a Na-gradient ( i . e. Na ^ > Na j^  ) . However, when the 
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gradient was abolished in which iNa+Q] = iNa + ^ l^, the uptake 
of Pi was quite low and the age dependent differences were 
not observed (Table 27). The uptake was still higher in 
+ 
comparison to when Na were replaced by either choline 
chloride or mannitol in the transport medium (Table 23). 
Under these conditions, no significant differences were 
observed m different rats as well (Table 23). These results 
+ + 
suggest that sodium gradient (Na Q > Na -j^) rather than the 
+ 
presence of the Na in extra-vesicular medium involves in 
the activation of Pi transport although differentially 
during growth as also found m other studies for adult rats 
(17,128). Similar results were also obtained for D-glucose 
transport (Table 28). The transport studies thus far 
indicate that the functioning of the various transport 
systems (e.g. for Pi, glucose and also proline) was 
apparently similar but their properties were different in 
different age group of rats. The capacities as well as 
affinities varied during the postnatal development and the 
growth. The maximum capacity and the rate of transport was 
always found to be higher in 35-40 d rats under different 
experimental conditions. 
The inhibitors of Pi transport such as PFA and ASO4, 
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were able to inhibit the transport in all the rats as has 
been shown m earlier studies (128,151,152). Similar 
inhibition was observed by PFA in all age groups of rats 
(Table 29). However, the inhibition of Pi transport by ASO4 
was relatively less (54%) in 15-20 d rats than m 35-40 d 
(69%) and 90-120 d (72%) rats. It is believed that PFA 
inhibits the transport largely by binding to the carrier 
protein from outside the membrane (128), while AsO^ as a 
metabolite compete for the same site with Pi and is known to 
be transported into the BBMV(s) (151). That is why the 
inhibition by the ASO4 appeared to be less (54%) in 15-20 d 
rats where the transport of Pi is also less and more (69%) 
in 35-40 d where the transport is also high (Table 29). The 
inhibition of the transport of Pi both by PFA and ASO4 was 
observed to be competitive and the rates of Pi trdnsport 
lowered due to the changes in Km values and the Vmax 
remained unchanged in all the rats although differentially 
in different age group of rats (Table 30). 
From all the above results it can be concluded that the 
renal cortical proximal tubular cells and their luminal 
brush border membranes are structurally, metabolically and 
functionally less matured in the newborn (8-10 d or 15-20 d) 
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rats and mature only during the postnatal development and 
the growth with the advancing age. The nearing total 
structural and functional maturity appeared to reach in 
about 35-40 d old rats. 
SUMMARY AND COMCLUSIOIV 
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It IS well known that newborn kidney in animals and 
humans is immature at birth. It has been also established 
that neonate kidney undergoes a process of postnatal 
development and maturation during the growth. The "nephron" 
the fundamental unit of the kidney is comprising of 
glomerulus and a long tubular segment. The blood filters 
throuqh the glomerular membrane during circulation and the 
filtrate thus produced is passed through various tubular 
subsegments. During this course various nutritional 
components, minerals and ions are reclaimed by the proximal 
and distal subsegments of the nephron through their luminal 
membranes. Thus the kidney plays an important role in the 
maintenance of the composition of the various body fluids by 
its reabsorptive properties and hence also maintains the 
acid-base balance m physiologic and pathophysiologic 
conditions. The proximal tubule of the nephronal subsegments 
IS considered to be the major site for the reabsorption of 
+ 
various ions, molecules and minerals including Na , Pi, 
sugars, fatty acids and amino acids. 
The kidney at birth contains about 500,000 
nephron/kidney and another 500,000 are added after birth at 
least in the laboratory animals during the growth. However, 
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in humans all the nephrons are considered to be present in 
the infants at birth except in prematur-e subjects. Both in 
the animals as well as in the newborns, the nephrons are 
known to be structurally and functionally immature. Nephro-
genesis has been reported to occur by a centrifugal pattern 
as the more developed nephrons are found to be located in 
the deep cortex at the cortico medullary junction while the 
less developed nephrons in the outer cortical regions. The 
maturation of the nephrons is known to occur also in the 
same way according to their location in the kidney cortex. 
It has been postulated by the morphologic and other studies 
that the maturation of the nephrons located in the deep 
cortex takes place in the first stage in about 28 days after 
birth while outer cortical nephrons mature in the second 
stage uptil 48 days. However, another view suggests that all 
the nephron population might mature initially to a certain 
degree of maturation and then together they mature 
simultaneously in the second stage. Whatever may be the 
case, the present studies are carefully designed and carried 
out to gain an insight into the mechanism by which the renal 
cortical proximal tubules (the major site for reabsorption 
of solutes and ions) mature postnatally both in the 
structure and m the functions during the growth. 
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The results of the present studies are sununarized as 
follows : 
(1) The development and maturation of luminal brush border 
membranes of the proximal tubule during growth are 
indicated by the activities of enzyme components. It 
was observed that the activities of marker enzymes 
e.g., alkaline phosphatase (AlkPase), T-glutamyl 
transpeptidase (GGTase) and leucine aminopeptidase 
(LAP) were increased in the age dependent manner 
although differentially. 
(a) The increase in the activity of AlkPase was much 
greater (+194%) in 35-40 d rats compared to 15-20 
d. It was further increased although to a lesser 
extent (+77%) in 55-60 d rats compared to 35-40 d 
then declined in the adults. 
(b) In contrast to AlkPase, the activity of GGTase was 
increased to lesser extent (+45%) in 35-40 d 
compared to 15-20 d rats. It was increased to 
greater extent (+62%) in 55-60 d rats compared to 
35-40 d rats and continued to rise (+35%) in the 
adult rats. 
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(c) The activity of LAP followed the maturational 
pattern similar to the GGTase activity. 
(d) Kinetic analysis of the enzymes showed that the 
increase in the activities to a greater extent was 
due to the increase in the Vmax. However, to a 
lesser extent Km values were also changed with 
advancing age. 
It can be concluded from the above results that 
enzyme components of the BBM matures differentially in 
the age dependent manner during the growth. AlkPase was 
expressed maximally in 35-40 d rats while GGTase and 
LAP were expressed to a greater extent in 55-60 d rats. 
(2) The development and maturation of the various kidney 
tissue zones e.g. cortex and outer medulla were 
determined by the activities of certain enzymes of 
carbohydrate metabolism which can be linked with their 
functional abilities (reabsorption of Na and other 
solutes) as chief source of energy required mainly for 
the transport of sodium upon which the transports of 
other ions, minerals and solutes may depend. If the 
activities of the enzymes of various metabolic pathways 
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can be considered as representative for these pathways, 
then the studies performed suggest that : 
(a) The glucose is metabolized via glycolysis to 
greater extent in the medulla than in the cortex 
in all age group of rats. The glycolytic pathway 
appeared to be less active in the newborn kidney 
and become more active with the advancing age as 
suggested by lactate dehydrogenase (LDH) activity. 
The opposite was the case in the maturation of the 
liver. 
(b) The TCA cycle was not significantly different in 
the cortex and the medulla during the growth. How-
ever, the maturational pattern of malate 
dehydrogenase (MDH) and succinate dehydrogenase 
(SDH) was different. The activity of the TCA cycle 
also appeared to be less m the newborn and found 
to be increased with the increasing age during the 
growth m the kidney tissues. On the other hand. 
It appeared to be maximum in the newborn liver and 
found to be lowered with the increasing age in the 
liver as suggested by MDH and SDH activity 
patterns. 
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(c) The activity patterns of both glucose-6-phosphate 
dehydrogenase (G6PDH) and malic enzyme (ME) were 
similar during the growth both in the kidney and 
the liver. The higher activities of both the 
enzymes m the newborn and young growing suggested 
their important role for the biosynthetic pathways 
especially for the lipid synthesis by supplying 
more NADPH required in the early postnatal age. 
(d) The production of glucose via gluconeogenesis 
appeared to be relatively greater in the adults 
compared to the newborn and young rats as 
suggested by the activities of glucose-6-phospha-
tdse (G6Pase) and fructose 1,6-bisphosphatase 
(FDPase). Further, the gluconeogenesis appeared to 
he more active m the cortex than in the medulla. 
It appears from the above observations that the 
rate of the glucose catabolism was much higher m 
the newborns than the production of the glucose. 
Hence, it appears that the energy supply required 
for the functional purposes was made available 
according to the need of the cell during the 
postnatal development, maturation and growth. 
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(e) The age dependent maturation of the mitochondria 
and lysosomes was demonstrated by MDH, SDH and 
acid phosphatase activities. 
3) The functional maturation of the proximal tubules was 
further demonstrated by the transports of Pi, D-glucose 
and L-prolme determined by utilizing BBMV techniques. 
(a) The transports were found to be dependent on the 
+ + 
Na-gradient (Na Q>Na ^). The transports were 
increased with the age of the rats. The maximum 
uptakes were observed m 35-40 d compared to 15-20 
d or adult rats. 
(b) Kinetic analyses showed the increased numbers of 
transporters (Vmax) with increasing age of the 
rats. The affinities were also changed 
accordingly. 
(c) The transporters of both Pi and D-glucose showed 
differential properties during the growth. 
(d) The transport of Pi was distinctly inhibited by 
the inhibitors (such as PFA and ASO4) of the 
transports in vitro. 
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It can be concluded from the present studies that the 
kidney in general and the proximal tubules in particular 
matures both in the structure and in the functions 
differentially during the postnatal development and the 
growth. The maximum maturity appeared to be attained at 
around 40-50 d of the age of the rats which correlates very 
well with already reported morphologic observations. 
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